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PREFACE 

. . ' ■ ' > 

In offering this little book to the student of 
Surveying, the writer feels that any apologies 
would be more or less out of place, for probably 
most teachers of the subject will agree that it is 
less well provided with the right kind of text- 
book than any other equally widely studied, 
subject. Whether the appearance of this little 
work will help to improve matters in this respect; 
or not is, however, a question which others must 
decide. 

The author regrets that he is unable to claim 
even approximate completeness ^f or the work, but 
this was manifestly impossible in a book of this 
size. His greatest difficulty in writing it was to. 
decide what to leave out. It is probable- that, on 
such a question, the judgment of any one person 
would differ, considerably from time to time. It 
is therefore clearly hopeless to expect that one, 
person's judgment at ojie time should meet with 
universal approval. 

Nevertheless, it is hoped that the book may 
prove useful to some teachers and many students,, 
and, above all, that no one will find in it a 
statement of supposed fact — (as distinct from an 
expression of opinion) — that it will be necessary 
for him to unlearn in his future study. 



Digitized by VjOOQIC 



-Vl PREFACE 

The chief aim of the writer has been to supply 
the student who wished to acquire an elementary 
knowledge of Surveying with a book that would 
"help him to acquire such knowledge on sound 
and accurate lines, and would, at the same time, 
help to fit him to study profitably some of the 
more complete manuals. 

With this view, the chapters dealing with the 
more ordinary or elementary parts of the work, 
such as chain surveying and levelling, have been 
made comparatively full ; and, within the scope 
of the work, those portions have been more 
iparticularly elaborated which are usually treated 
in a more or less scanty fashion. 

Examples of such elaboration will be found 
in the arrangement of the lines for a chain survey 
(pp. 3 and 30), the temporary and permanent 
:adiustments of the theodolite (pp. 64, 161, and 
171), the adjustments of the instruments gener- 
ally, the determination of earthwork quantities 
from sections and from contoured plans — (for 
example, by the method of mean sections, p. 131) 
— and so on. 

The chapters dealing with the other parts of 
lihe work are necessarily more abridged, and have 
been written confessedly to some extent with an 
^ye to the needs of examination candidates. The 
author has, however, tried to avoid writing 
anything which could be regarded as mere ex- 
amination cramming, even in those chapters. 

It is hoped that the exercises will prove use- 
ful to teachers, and the answers will be found 
to contain some hints which may be useful .to 
students. 

The author's experience as a teacher leads 
Biim to believe that nothing is more deadly dull 
than a chapter on instruments alone. He has 
iiherefore dealt with each instrument as the need 
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for it arose. Many instruments have in con- 
sequence received no mention at all. The- 
author must therefore close with the statement 
with which he began — one had to leave out 
something ! 

M. T. M. OEMSBY. 

University College, London, 
April, 1914. 



Digitized 



by Google 



Digitized 



by Google 



CONTENTS 

CHAPTER I 

Chain Subybtinq 

Objects — General Example — Method of Work — Arranging 
the Lines — Diagram of Lines — The Field Book— Marking 
Stations— The Chain — Band and Link Chains Compared 
— Gunter's and 100-foot Chains Compared — Arrows — 
Method of Chaining — Changing Arrows — Taking the off- 
sets — Size of Book — Fixing Directions of Offsets— The 
Optical Square — Adjustment of Optical Square— All 
Adjustments to be Tested — The Cross-stafE — Limiting 
Length of Offsets — Taking Buildings, etc. — Other Forms 
of Field Book — Numbering Lines— Principles on which 
Lines are arranged — Hedge and Ditch — Obstacles in 
Chain Surveying — Sloping Groimd — The Clinometer — 
The Abney Level — Aajustment of the Clinometer — 
Reason for Correcting for Slope on Field — Ponds, 
Rivers, etc. — Houses, etc. — Ranging Long Lines — The 
Line Ranger — Adjustment of Line Ranger — Plotting 
a Chain Survey — Determination of Areas — The Plani- 
meter — The Reduction to Acres — Equalization of 
Boundaries — Reducing Geometrically — The Computa- 
tion Scale — Area from Offsets — Simpson's Rule — Area 
of a Triangle — Degree of Accuracy in Chaining — North 
Point — Exercises Pages 1-61 

CHAPTER n 
Teaybbss Sttbvbtiho 

General Principles — The Theodolite — Plotting the Survey — 
Calculation of Bearings — Whole-circle Bearing, and 
Azimuth — Departures and Differences of Latitude — 
Reduced Bearings — Different Notations for Bearings — 
Northings, Southings, etc. — Checks on Closed Traverses 
— ^Traverse Sheet— Direct Reading of Bearings — Com- 
parison of Methods — Prismatic Compass Traverse — The 
ix b 



Digitized 



by Google 



X CONTENTS 

Grubb Sight — Method of Use — Problems in Traversing 
— Accurate Traverses — Oorreotion for Slope — Other Cor- 
rections — Work to be Done at Night— Areas from Co- 
ordinates — Exercises .... Pages 62-91 

CHAPTER in 

LeVBLLING and CONTOUBINa 

Oeneral Procedure — The Level — The Staff — Taking Levels 
— Bench Marks — Checking the Work — Turning Points — 
Methods of Booking— Comparison of Methods — From 
Page to Page — Choosing Positions of Level — Parallax— 
Verticality of Staff — Care at Turning-points -Finished 
Sections — Level Book Table — Calculation of Earthwork 
— Augmented Depths Method — Earthwork Tables — 
Branch or Cross Boads — Determining Gradients— Cross 
Sections — Booking Cross Sections — Other Methods — 
Plotting the Cross Sections— Volimie of Cutting — Plan 
of Work — Plan when Ground is Level Across — Con- 
touring — Interpolation of Contours — Interpolation by 
Construction — Geometrical Division — Uses of Contours — 
Volume of Bank — Determining Toe of Slope — Excava- 
tions for Buildings — Volume of Water in Reservoir- 
Volume of Dam — ^Laying Out Given Surface Gradient — 
Laying Out Line on Ground — Laying Out Contours on 
Field — Permanent Adjustments of Level — Second Adjust- 
ment — Use of Small Level — Equalization of Back- and 
Foresights — Elimination of Second Error — Reciprocal 
Levelling— Curvature and Refraction — ^Refraction — 
Degree of Accuracy in Levelling — Contours by Hand 
Level— Exercises ..... Po^es 92-155 

CHAPTER IV 

Tbianqulation Subveys 

Object and Procedure — Branch Traverses — Measurement of 
Base Lines — Measurement of Angles —Non-instrumental 
Errors — Instrumental Errors — Permanent Adjustments 
of Theodolite — Levelling for Vertical Angles — Com- 
parison of Theodolites — Hints to Beginners— Face — 
Final Adjustment of Angles — The Three-Point Problem 
— Graphical Solution — Satellite Stations — Reduction of 
Base to Sea Level — Sketch Surveys — Exercises 

Pages 156-181 

CHAPTER V 

TacheoMbtbic Subvbying 

General Account — Tacheometer — Principle of the Method— 
Anallatic Lens — On Sloping Ground — General Procedure 
—The Field Book— Tacheometric Tables— Plotting Scale 



Digitized 



by Google 



CONTENTS XI 

— Degree of Accuracy — Check on Readings — Extreme 
Hairs—Exercises Pages 182-199 

CHAPTER VI 

CuBVB Ranqinq 

General Problem— Definitions— General Cases— The Method 
of Tangential Angles — Pegs at Ends of Chains — Check 
on Finishing Point — Length of Curve— Example of 
Calculation — To Move Theodolite — Checking by Offsets 
— Laying Out by Offsets — Approximate Rule for Tangen- 
tial Angles — Case of Left Deflection — Degree Curves- 
Transition Curves — Exercises . . Pages 200-218 

Answbbs to Exebcisbb .... Pages 219-226 

Index Pagi^s 227-230 



Digitized 



by Google 



Digitized 



by Google 



Digitized 



by Google 




Digitized 



by Google 



CHAPTER I. 

CHAIN SURVEYING. 

Objects. — The objects for which any survey is 
und^aken may be placed, generally, under either 
or both of two main headings, viz. — 

(a) The determination of the relative positions and 
dimensions of the various natural and artificial 
features on or near the earth's surface, as seen in 
plan, 

(b) The determination of the relative levels or eleva- 
tions of points lying on the natural surface of the 
earth, or on artificially constructed works of some 
kind. 

The natural features which may have to be shown 
comprise the boundaries of seas, lakes, rivers, natural 
forests, mountains, etc., whilst artificial features 
include roads, railways, canals, buildings, boundary 
lines and fences, underground works for mines, and 
so on, either actually existing or projected at the time 
of the survey. 

It is proposed in this chapter to deal with surveys 
of small extent only, and it will be assumed that 
levels are not required, so that we have to consider 
only the first of the above headings. 

General Example. — Now suppose the sketch to 
represent a small estate, a plan or map of which is 
required, 

1 
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. .Such, small-, surveys are usually carried out by 
•l^etCnaof Ibe^otiam and tape only, and are therefore 
called Chain Surveys^ to distinguish them from larger 
surveys where angular measurements are necessary. 
Method of Work. — The surveyor first walks over 
the ground and fixes points such as A, B, C, etc., 
called stations. 

These are so arranged that the straight lines 
joining them will pass near to the boundaries or 
other features whose positions are to be fixed. These 
straight lines, such as AB, are called the survey 
lines. 

Starting from one end of each line we then 
measure on the ground distances Al, A2, etc. ; 
along the line, and at the points 1, 2, fixed in this 
way, we measure the perpendicular distances 1, 1 ; 
2, 2, etc., from the survey line to the boundary. 
These perpendicular measurements are 
called offsets. The whole length of each 
line is measured up in this way on the 
ground. 

It will be obvious that, when these 

measurements have been taken, we can 

draw the line AB on paper (fig. 2), and 

mark off upon it the distances Al, A2, 

/ etc., and then by setting off the correct 

lengths of the perpendicular offsets, 1, 1 ; 

2, 2, we can fix the positions of the points 

1, 2, etc., on the boundary fence to any 

Fig. 2. desired scale on the paper. All such 

points being joined we get the plan of the boundary 

line or fence. 

Arranging the Lines. — Now suppose that the 
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line AB (fig. 1) has been drawn on the paper. The 
other lines, BC, etc., have to be built up on it, each 
in its proper direction on the paper, with respect to the 
line AB. Now no angles are measured in the sur- 
vey, so these other directions have to be fixed from 
the lengths of the lines alone. But a triangle is the 
only irregular figure which can be drawn from the 
lengths of its sides alone, hence the first condition to 
be borne in mind in arranging the lines is that we 
should arrange one or more main triangles as big as 
we can obtain them on the given piece of ground. 

In the example ABC is the main triangle, and, 
having drawn AB, we would then take A as centre, 
and the measured length of AG as radius, and de- 
scribe a circle to the proper scale. Then with B as 
centre, and the length of BC as radius, we describe 
another circle to cut this, thus fixing the point G on 
the paper. 

The lines AG and BG can then be ruled in, and 
supposing that the rest of the lines are arranged as 
shown by the " dot and dash " lines on the figure, 
the stations Q, E, O, E, L and H can then be 
marked on the plan, their distances along the lines 
AB and AG having, of course, been measured on the 
ground when the survey was being made. AEF 
would be the next triangle to be drawn, F being 
fixed with A and E as centres and AF, EF as radii. 
It is not then essential that the rest of the lines 
should be arranged in triangles. Thus G would be 
fixed next with G and F as centres and GG and FG 
as radii, although the third side GF of the triangle 
was not measured. 

To follow out the diagrams, after G is fixed we 
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would produce EF to fix D and V. Then measure 
the length QD on paper. This should agree with 
the length measured on the ground, and so checks 
the work. Then fix I, rule in Ifl, and produce it 
to fix J. Then check JK, and so on. E is fixed 
from V and G as centres and checked by YZ ; GR is 
produced to fix S. Then T is fixed from S and V as 
centres, and finally UT is measured on the drawing 
to check this part of the work. 

Diagram of Lines. — The whole of this order of 
drawing (or plotting the lines, as it is called) must 
be thought out by the surveyor whilst he is doing the 
survey. To facilitate this a diagram is made in the 
field book showing the lines only. This is, of course, 
done on the field, and is not drawn to scale. The 
few main lines are first laid out, and shown on the 
diagram, the smaller lines being usually arranged as 
the work proceeds. As each hne is arranged it is 
filled in on the diagram, in its proper place, the 
stations at the ends being marked with' letters, as in 
the example, or in larger surveys with numbers. 

Thus the surveyor can always study the order of 
plotting on his sketch diagram. The diagram, how- 
ever, serves another purpose also. Bach end station, 
as already stated, is fixed by the intersection of two 
circles. But two circles intersect in two points. 
Hence we must have some means of telling which is 
the correct one, and this will be obvious from the 
diagram. It also enables the draughtsman (who 
may not be the surveyor himself) to decide upon 
the most convenient order of plotting, which he does 
by studying the diagram. 

The Field Book, — The field book in which the 
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measurements are entered is shown in the annexed 
example (pp. 6 to 8), which is a set of notes for the 
north-west portion of the survey in fig. 1. The 
notes are, however, intended only to show how the 
measurements are put down. They are here abridged, 
and most of the written information is deleted to save 
space. The example is in part an actual survey, but 
it is in part fictitious, so that no name is given to it. 
Each page is ruled down the middle with two lines 
about half an inch apart. In entering the notes, the 
surveyor begins at the bottom of the page, enters first 
the name of the line to which that page refers, then 
makes a sketch showing how the boundaries, etc., are 
arranged in the immediate vicinity of the starting- 
point. 

This sketch must not cross the central column. 
All objects on the left of the survey Hne (in the 
direction in which we are about to measure) are 
shown on the left side of the page, and vice versa, 
while any boundary or other line which crosses the 
survey line on the field (or would cross it if the 
survey line were produced) is shown coming in to 
one side of the central column, and starting again at 
the point directly opposite on the other side. Three 
fences crossing in this way are shown on the line AB, 
for example. It is not really necessary to give the 
points where they cross the line AB, because they 
will be fixed in position by offsets from the lines AW, 
QD, and KJ respectively. But it is usual to do so 
as a check. The central column is reserved for the 
distances measured along the chain line. Thus the 
fences cross the line AB at 5*32 and 10*48 chains 
from A, as will be seen from the field book. 
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The keeping of a neat book for these c^sets is one 
of the most difl&cult pieces of work in surveying. 
The beginner must hold fast to the golden rule that 
the sketch must not get ahead of the measurements, 
but the two must be carried on together, line by line. 
Several different methods are in vogue for booking 
the of&ets. Some of these are illustrated here. The 
beginner should carefully study these different 
methods of booking, and choose that which he pre- 
fers, referring to the diagram (fig. 1) as he studies 
the field book. 

In the line AB, the offsets are simply written, 
each close to the boundary to which it refers. 

They are all measured /row the chain line. Thus 
the offsets at 5*0 tell us that at that distance from 
A the nearer side of the road is 41 links from the 
chain line, and the farther side 101 links. When, 
as in this case, more than one boundary is to be 
shown on the same side of the line, some surveyors 
prefer to measure the offset to the nearer boundary 
only, then the distance from that boundary to the 
next, and so on. This is exemplified'in the line BO. 
Arrows are placed between the boundaries as shown, 
to make it clear that after the first offset the distances 
are from boundary to boundary. This practice is not 
recommended. It is less convenient for plotting than 
th^ system of running or continuous measure already 
described, and it is no more convenient in the field, 
even if the offsets are measured with a rod. 

Some surveyors, again, when there are several 
offsets on one side of the line, prefer to write the off- 
set figures sideways, the object being to make it clear 
to the draughtsman that they are in running measure, 
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eaoh one measured from the chain line, and not from 
boundary to boundary. 

When the width of the road or other feature is 
fairly constant it may be simply measured and written 
down, as shown in the field book of the line CG, 
there being in this case no effects to the second 
boundary. 

In the field book of the line DV (p. 8) faint 
lines are drawn in the direction in which the offsets 
are measured, and the figure written in a break in 
the line, as shown. This is objectionable, as these 
lines are apt to be mistaken for fences branching off 
the main boundary and crossing the chain line. 

Marking Stations. — As the stations are fixed 
they are marked on the ground by ranging rods. 
These consist of wooden rods, usually either six feet 
or ten links long, provided at one end with pointed 
iron shoes for sticking them in the ground. They 
are usually painted in two or three different colours, 
in lengths of 1 foot or 1 link as the case may be, 
so that they can be used as measuring rods for 
short ofifeets, etc. They are sometimes provided at 
the upper end with a small hook which can be used 
for dragging the end of the chain through a hedge or 
the like. 

These are allowed to remain, marking the station 
until all the lines passing through that station have 
been measured, when they can be removed and used 
at other stations. But it is always advisable, unless 
the survey is a very small one indeed, to mark the 
positions of the stations, as soon as the ranging rods 
are removed, by driving in small pegs, by cutting 
out two triangular sods (if in grass land) having 
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a oommon apex at the station point, or in any other 
way that may suggest itself. A good plan, if suit- 
able objects are available, is to measure the distances 
of the station point from two near objects, or from 
two marks on such objects, and to note these measure- 
ments in the field book, describing carefully the 
points from which the measurements were taken. 




Fig. 3. Fia. 4. 

Thus in the field book of OP (p. 7) it is stated 
that is 38*2 links from the north-west corner of 
shed, and 26*4 links from north corner of door-step, 
both measurements being taken from ground level. 

To find on the field, we add these measurements 
together : 38*2 + 26*4: = 64*6. An assistant then 
holds the end of a tape-line at the corner of the shed 
(point x) and another assistant holds 64*6 links on 
the tape at the corner of door-step (point y, fig. 3), 
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while the surveyor holds an arrow at the point 38^2 
links on the tape, and stretches both portions of the 
tape tight, whilst keeping the arrow at 38*2. 

Such precautions save much time, should it be 
afterwards found necessary to check any part of the 
work or to take any additional measurements. 

The Chain. — The surveying chain in most com- 
mon use is shown in fig. 4. It is usually (in this 
country) either the Gunter's chain of 66 feet length, 
or the 100-foot chain. Abroad, lengths such as 25 
metres are commonly used. But in any case it is 
divided into 100 parts, called links. 

Thus in the Gunter's chain the length of 1 link 
is 0*66 foot, or 7*92 inches. When the terms 
" chains " and " links " are used with reference to 
surveying, in England, without qualification, it is 
usual to understand that Gunter's chains and links 
are intended. 

"Band" chains (fig. 5) consisting of flexible 
bands of steel, half an inch 
wide or less, are some- 
times used instead of 
chains like those shown in 
fig. 4. They can be rolled 
up like an ordinary tape- 
line. In any case, the 
chain is provided at each 
end with a handle for 
pulling it taut, and each 
tenth link from either end 
is marked by a special 
brass tag. If the tag has one point, it is ten links 
from the nearer end; if two points, twenty links. 
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and so on. This obviously facilitates counting the 
links when a measurement is required not at the 
end of the chain. But great care must be taken to 
see whether the portion being counted is more or 
less than half a chain, as the tag at sixty links from 
one end, for instance, is only forty links from the 
other end, and is marked with four points. The 
middle of the chain is marked by a round tag. 

In the band chain, the tags are usually riveted to 
the band, and instead of points they usually have 
holes bored through them, one hole at ten links, and 
so on. The length of the chain is, in all cases, from 
the outside end of one handle to the outside » end of 
the other. 

Band and Link Chains Compared. — The special 
advantages of the band chain are that it is lighter 
than the link chain, and much less liable to stretch. 
With an ordinary chain of the form shown in fig. 4 
there is an appreciable stretch for a comparatively 
small increase in the tension, so that the length varies 
'with the pull given by the chainmen. Moreover it 
is liable in a short time to take on a permanent stretch, 
and hence must be tested from time to time. Any 
stretch is either allowed for by placing the arrow 
(which marks the end of the chain) short of the 
handle by the proper distance (according to the 
stretch) or, if circumstances permit, by having one 
or more of the small rings which connect the links 
removed, so as to correct the length. If more than 
one ring has to be removed, they should not be all 
taken from one part of the chain, but at equal inter- 
vals along the length. 

The band chain, if properly used, stretches very 
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little, but it is liable quickly to rust through if used 
on wet ground, and to break without notice. It is 
not easily repaired when this happens. The link 
chain is much less liable to break, and, if it does, 
it can easily be temporarily repaired with a piece of 
stout wire. On the whole the band chain is more 
suitable for very accurate work, but it should be 
carefully handled, and if it gets damp it should be 
well dried and oiled before being put away. 

Gunter's and 100-foot Chains Compared.— The 
Gunter's chain was originally adopted because ex- 
actly 80 of these chains go to make 1 mile, or 10 to 
1 furlong ; moreover, in determining areas, 10 square 
chains make exactly 1 acre. Thus 1 acre =4840 
sq. yards = 43560 sq. feet, and 10 sq. chains = 10 x 
66 X 66 sq. feet = 43560 sq. feet. 

Hence this chain is still the most useful in cases 
where lengths are required in miles, as in road or 
railway surveys, or where the object of the survey is 
to determine the area of the ground in acres, roods, 
etc. 

Moreover, the Standing Orders of Parliament re- 
quire radii of curves on railways to be stated in 
Gunter's chains, in this country, and most of the 
tables in use for facilitating the calculation of the 
quantities of earthwork in cuttings and embankments, 
assume that the depths of these are known at points 
whose distance apart is known in Gunter's chains. 
But in surveys for such works as sewerage or water- 
supply schemes, or building plans, dock and harbour 
schemes, and so on, these advantages may be of no 
importance, and the 100-foot chain will generally be 
more convenient. 
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Arrows. — The end of each chain is usually marked 
by a pointed iron rod about 12 inches long, with a 
loop at one end to facilitate carrying. These are 
called arrows. 

Method of Chaining.— Suppose any line (say AB, fig. 
1, p. 1) is to be chained, starting from A. The work is done 
by two men, the one who goes first being oalled the leader^ and 
the other the follower. The follower holds his end of the chain 
at A, taking care that the end of the handle is opposite to the 
middle of the ranging rod. He pushes the ranging rod slightly 
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to one side or temporarily removes it altogether — and gets his 
eye as nearly as possible directly behind the station A. The 
leader, meanwhile, has taken his end of the chain towards B, 
taking ten arrows with him. 

When the chain is tight, the leader faces the follower, who 
directs him, right or left, as the case may be, by a wave of the 
hand, until he (the leader) comes into line with the distant 
ranging rod at B. The leader then stoops down, or ** squats," 
takes one arrow, and holds it vertically outside the handle at 
his end, the point of the arrow nearly level with the bottom of 
the handle, as shown in fig. 6. He then gives his end of the 
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ohain a ohaok» at the same time pulling it towards him, so as 
to make the ohain both tight and straight from end to end, 
finishing with the point of the arrow toaohing the ground. He 
then looks again towards the follower, and if the arrow is not 
exactly in line with B, he receives a second direction, and so 
on, until he finishes with the point of the arrow touching the 
ground, the chain tight and straight, the arrow in front of the 
handle, and exactly in line with B, as viewed by the follower at 
A. He then knocks or presses the arrow into the ground with 
the palm of his hand. The leader must, of course, be trained 
to keep his body on one side, holding his end of the chain out 
on one side or the othsr of himself, so that he does not obstruct 
the follower's view. 

The chain is allowed to lie on the ground in position, until 
the surveyor has taken all the measurements he requires on 
that chain length. The surveyor then signals to the leader, 
and he takes up his end of the chain (but not the arrow) and 
proceeds. The follower replaces the ranging rod at A, and 
goes on to take up his position at the arrow left by the leader ; 
he there holds the end of his handle in line with the back of 
the arrowy as shown by the sketch (fig. 7) (because the back 
of the arrow was the end of the first chain) and directs the 
leader as before, except that the leader can now get the direction 
approximately for himself by looking backwards from the arrow 
already fixed to the ranging rod at A. Thus the first pre- 
liminary direction is unnecessary, and the leader takes up the 
squatting position as soon as he has got himself into line. 
When the leader has fixed the next arrow the follower removes 
the one at his end, and keeps it. The follower must not pre- 
viously remove the arrow, as he can see over it when directing. 
(He must not hold his head on one side of it.) 

The beginner must study these instructions with minute 
care, as it will be necessary for him to train his ohainman in 
most cases. 

Ohanging Arrows. — it will be noticed that the number of 
arrows held by the follower at any time should tell how many 
completed chains have been ** run*' or measured. If the line 
is less than ten chains long, the surveyor should, when he ar- 
rives at the end of the line, count the arrows held by the 
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follower and see that the number agrees with the number of 
complete chains entered in the book. He then hands the ien 
arrows to the leader to begin the next line. 

If the line is more than ten chains long, it will be necessary 
to change over the arrows from follower to leader at the end 
of the tenth chain. 

The practice of the writer is to instruct the chainmen to let 
the surveyor know when the arrows are to be changed, eo that 
he may check his entry in the book. 

This done, the follower hands nine arrows to the leader, 
leaving the one at the end of the tenth chain until after ibe 
eleventh has been fixed, when the remaining one is passed to 
the leader. 

There is some risk in this procedure, as the follower may 
either forget to pass the tenth arrow over, or he may forget he 
has done so, and pass two over. The writer has not found the 
risk very great, but on account of it, and of some little loss of 
time, different methods are adopted by different surveyors. 
Some use only nine arrows, and some use eleven. The 
writer prefers ten arrows and the above method of changing, 
but the important point is that the chainmen should be trained 
on some definite system, and that the surveyor should, as far 
as possible, superintend the changing of the arrows. 

It is of the utmost importance that no mistake should be made, 
as any neglect to observe and use the check which the airows 
afford will very often lead to undiscovered errors in the chain age. 

In some cases, where economy is of more importance than 
speed, the surveyor may himself act as follower. 

Taking the Offsets. — The ofifsets are taken either 
with a light graduated rod or with a tape-line. The 
tape is decidedly more convenient than the red, but 
linen tapes are liable to stretch considerably, and 
therefore for very accurate work it is necessary to 
test the tape frequently. 

It is to be borne in mind, however, that exact 
accuracy in the offset tape is of less importance than 
in the chain, because each offset is measured inde- 

2 
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pendently and hence the error does not accumulate, 
whereas in chaining a line, say 20 chains long, the 
accumulated error will be twenty times the error in 
the chain. Graduated steel tapes for taking the ofifsets 
can be obtained, and they are best where high accur- 
acy is required. 

In any case, the direction of the offset is usually 
settled by eye only. Suppose that the offset is re- 
quired from a point A on 
the chain line to a curved 
boundary CD (fig. 8). The 
surveyor stands at A with 
the body of the tape, while 
~~ the offset man takes the end 



of the tape, and proceeds to 
the boundary . Both stoop so that the tape is stretched 
tight along the ground. The surveyor then looks to 
see if, in his opinion, the direction of the tape is per- 
pendicular to that of the chain as it lies on the ground. 
If not, he signals the offset man right or left, as the 
case may require, until he arrives at the point D, 
where the tape AD appears to be perpendicular to 
the chain. 

The surveyor then reads off both the chainage and 
the length of the offiset, the offset man being trained, 
of course, to hold the end exactly on the boundary 
when he gets the final direction. 

If the offset is required from a fixed point D on 
the boundary, say a corner, the only difference is 
that the offset man holds the end there, and the 
surveyor himself moves along the chain line, keeping 
the tape tight till the perpendicular direction is 
obtained as before. 
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It is not necessary to wind up the tape after each 
offset on good ground, but if it is necessary to do so, 
the writer has generally found it quicker to do it 
himself, unless there is much sketching to be done 
in the field book. In such cases a good offset man 
will walk towards the surveyor, gathering up the tape 
in loops as he goes, so as to do away with the neces- 
sity of winding. 

It is more convenient for the offset man to keep 
the body of the tape, but this means that he must 
be trusted to read the offset correctly, and to call it 
out to the surveyor so distinctly as to avoid the pos- 
sibility of a misunderstanding. The risk is too great. 
Even if read by an experienced observer, all calling 
out of figures from one observer to another is to be 
avoided, as it seldom fails to lead to errors. At the 
end of a day's practice the young surveyor will find 
that he can quite easily manage both the tape and 
his book without ever putting either of them into 
his pocket. 

Size of Book. — The field books can be purchased 
with the two lines ruled down the middle of the page 
as recommended. 

The size of the page is generally rather small, 
however. It should be of such a size that the book 
just fits in the pocket of an ordinary lounge coat. 
Messrs. Spon supply field books of Willesden paper, 
for use in wet weather, which are sometimes con- 
venient. 

The book may open either at the side of the page, 
as in any ordinary printed book, or it may open at 
the top or bottom of the page, as in the usual form 
of ruled field book. In the latter case, the beginner 
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must take care, for the first page or two, to see which 
end he must take as the bottom of the page and 
which as the top, in order that the notes may be con- 
tinuous from page to page. 

Fixing Directions of Offsets.— If the ofifset be 
at all long, it may be necessary to lay out their 
directions more accurately than by eye. By chain 
and tape only, this may be done as follows : suppose 
that an offset is to be taken at A, on the chain line 
BAG (fig. 9). Mark two points B and C, such that 

AB and AG are the 
same length, say 30 
links each. Then 
let one assistant hold 
the end of the tape 
at B, while another 
assistant holds the 
other end at G. Then 
assuming that the 
tape is 100 links long, the surveyor holds a rang- 
ing rod or arrow at the middle of the tape, that is 
the 50 link mark, and stretches both portions of the 
tape tight, moving so as to accomplish this without 
moving the arrow or rod away from the 50 link mark. 
He thus fixes a point D, such that GD = BD, and 
AG = AB. The direction AD will then be perpen- 
dicular to BAG, and the arrow or rod being stuck in 
at D the o&et is measured in the direction AD. 

With the lengths suggested above, AB = 30 links 
and BD = 50 links. By a well-known property of 
right-angled triangles AD should then measure 
exactly 40 links, which affords a check on the work. 
Some surveyors make use of this property alone for 
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laying out the perpendicular, without using a third 
point C. That is, make AB = 30 links. Then hold 
the end of the chain at B, and the 90 link point at 
A (note 50 + 40 = 90), while the surveyor holds 
the rod or arrow at the 50 link point and stretches 
both sides tight as before. In the opinion of the 
writer this is less accurate in practice than the above 
method, and it is little less troublesome. If there is 
no room for the lengths given, shorter lengths can 
be used, but of course they must be in the same pro- 
portion as the above if the check described is to be 
used. 

It is not wise to depend upon equal stretching 
throughout the tape. That is, if we use the whole 
length of tape — for example — in fixing D, we should 
not assume that the ^^ 

50 link mark is ^^ 

really the middle of 
the tape, but should 
bring the two ends 
together to find the q 
true middle point. ^ 
If the tape is incor- 
rect, there may be some error when checking the 
length of AD. 

If the ofifeet is required to a fixed point D, we have 
to fix the point A from which it is to be taken (fig. 
10). For this purpose hold the end of the tape at D, 
and swing any convenient length round to cut the 
chain line at G and B. Mark these points. Then 
find A, the middle point of BC. 

If the ground slopes, we might have, say, B and D 
about on the same level, and G much lower. This 
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would lead to a wrong result, if the measurements 
were made along the ground, and we must make use 
of ranging rods at one or more of the points B, C, D. 
These are held vertical as well as can be judged by 
eye, and the tape is held at such a height up each 
rod as to bring the whole length of tape into a hori- 
zontal line or plane, this being also judged by eye. 

The Optical Squarei — The instrument now most 
commonly used for laying out the directions of offsets 
is called an optical square. It is made in many 
forms, but essentially each consists of two small 
mirrors, XY, XZ, at 45° to one another, as shown 
in plan in fig. 11, there being 
an open space above or be- 
low one or both mirrors, so 
that one can see straight 
ahead through this space at 
the same time as one looks 
into the mirror. If the eye 
be placed about at A, one 
can therefore see directly 
along the line AB, over the 

mirror XY. But by looking 
Fig. 11. • .u • u 

in the mirror, one sees ob- 
jects situated in the direction of the point C. The 
rays from C follow the direction of the arrow-heads, 
and undergo double reflection from the two mirrors 
as shown, so that they finally enter the eye in the 
direction EA," as if they were coming from B. Now 
suppose there are ranging rods at B and C. Then 
we see directly the tipper half of the rod at B, and 
we see by reflection in the mirror the lower half of 
the rod at C. These two will appear to be continu- 
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ous, and they are then said to be in coincidence. It 
is easy to prove, by the laws of reflection, that if 
ZXY = 45", the angle AFC will be 90°. 

To use the instrument, AB (fig. 12) is the chain 
line and let F be a point on it from which an ofifset 
is required, GCH the boundary to be fixed. The 
surveyor stands at F with the instrument to his eye, 
and looks straight through at the ranging rod at B. 
The ofifset man, meanwhile, has guessed the position 
C to which he must measure, and has gone there. 
The surveyor will probably be able to see him in the 





Fig. 18. 

mirror, although probably not in exact coincidence 
with the ranging rod at B. He therefore signals 
left or right, as the case may require, and the ofifset 
man moves accordingly till he comes into coinci- 
dence with the ranging rod. The ofifset FC is then 
measured. 

If the ofifset is required to a fixed point C, the dif- 
ference is that the ofifset man stands at G, and the 
surveyor, with the instrument to his eye, walks along 
the chain line, until C and B appear to coincide. 
He will then be at the point F, where the ofifset is to 
be taken. By turning the instrument, objects on 
the left can be seen in the mirror XZ (fig. 11), whilst 
the rod B is seen above it. 
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Adjustment of Optical Square.— To test the adjustment 
of the optioal square, range out four points in line with one 
another, A, B, G, D, say 50 feet apart. For this purpose, put 
in rods at any two of the points, say A and B. Then stand a 
few yards behind A, keeping in line with A and B, and signal 
to a man with a ranging rod to move right or left as the case 
may require, until he comes into line, first at D, then at C. 
Now take the instrument, and stand at some point E. Face A 
and B, and turn the instrument so as to see objects on the right 
in the mirror. Keep in line with the rods A and B, as seen 
directly, and direct the assistant at P right or left until a rod 
he holds appears to coincide with the rods at A and B. The 
rod P is then fixed. The assistant then moves in to F, and a 
second rod F is fixed in the same way, so that it appears to 
coincide with A, B, and P. Then turn round to face G and D, 
and turn the instrument so as to see objects on the left. Keep 
G and D in line with one another, and move till F and P also 
appear in line with one another. The instrument will then be 
over the same spot E as it was in the same position. If then 
the images of F and P, as seen in the mirror, coincide with G 
and D, the adjustment is perfect. But if, when G and D coin- 
cide and F and P also coincide with one another^ the latter 
appear right or left of the former, the adjustment is faulty. In 
this case, have two more rods fixed, F^ and P^, so that their 
images coincide with those of G and D. Gare must be taken 
when doing this to keep G and D in line with one another, and 
also F and P in line with one another. (See fig. 13.) 

Then mark the points Fj, Pg, midway between F^ and F and 
P^ and P respectively, and place two of the rods at P^ and F,. 
Now face either A and B or G and D, and keep them in line. 
Move till Fg and P^ appear in line with one another, and adjust 
the screws at the back of the movable mirror till Fj and Pa 
coincide with A and B or G and D as the case may be. 

The use of two ranging rods in each direction is the most 
satisfaotory way of ensuring that the position of the instrument 
remains the same throughout the adjustment. 

For actually adjusting the movable mirror, the beginner 
must study the arrangement of the screws at the back. He 
will probably find three screws, of which the two outer ones give 
motion in one direction, and the middle one in the opposite 
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direction. First slacken, say, the onter ones about half a turn 
each, then tighten the middle one by the same amount, and 
look at the rods again. If they are nearer coincidence than 
before, the direction was the right one; if not, we turn the 
screws the opposite way, slackening now the middle one first, 
then tightening the outer ones. Proceed in this way, a little 
at a time, until the adjustment is perfect. Be careful to note 
that in all such cases the screws which are being slackened 
must be turned first. Then the opposing screw or screws must 
be tightened, so that there may be no looseness when the ad- 
justment is complete. Different makers, however, provide 
different methods of adjustment, and the above arrangement 
will not be found in all oases, though the general principle will 
be much the same. 

All Adjustments to be Tested. — ^The beginner 
must understand that even the best of makers can 
by no means be trusted to send out any kind of 
instrument always in perfect ad- 
justment. The careful surveyor 
will always test his instruments 
when he receives them from the 
maker, and again from time to 
time, according to the amount of 
use they receive, as screws are 
apt to work loose during transit, 
etc. 

The Cross-staff.— Another in- 
strument for laying out the direc- 
tions of ofifeets is the cross-staff, 
now less used than formerly. It 
consists of a cylindrical or octa- 
gonal box (fig. 14) with two pairs 
of slits at right angles to one an- 
other. The head can be rotated so as to bring one 
pair of opposite slits into coincidence with the chain 
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line, by looking through them at the ranging rod 
ahead or behind. By looking through the other pair 
of slits we can then fix the direction of the offset. 

Sometimes additional slits are provided for laying 
out angles of 45°, and the head may also be in two 
parts, one of which is graduated in degrees, and the 
other carries a vernier, so that horizontal angles of 
any magnitude can be read or laid ofif. 

Limiting Length of Offsets. — When the direc- 
tion of the offset is laid out by the above methods, 
the only limit to its length is that fixed by questions 
of speed. 

Long ofifaets take more time. Thus in fig. 15 in- 
stead of taking long offsets from the 
line AF to the boundary on the right, 
it would be quicker to simply measure 
AF and then run two additional lines, 
AW and WF, from which the offsets 
would be taken. The line WX should 
be measured as a check for th^ ac- 
curate plotting of the lines. 

On the other hand, if only one or 
two long offsets be required to de- 
tached objects, it may be quicker to 
lay them out than to use additional 
lines. 

It very seldom pays, however, to 

use longer offsets than the length of 

the tape line. 

If the directions of the offsets are laid out by eye 

the length of offset is also limited by the question 

of speed, provided that the offset is to a point, such 

as X, on the boundary running nearly parallel to the 
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chain line, because even if the ofifset be measured 
and plotted in different directions, as OX and OX^, 
it will require either a very big angle between them 
or a very long length for OX and OX^, in order to 
bring the point X^ an appreciable distance away from 
the true plan of the boundary. 

But if the offset be to the corner of a house, or to 
a corner in a fence, or any like point, then obviously 
the plan of the point X would be displaced on the 





Fig. 17. 

paper by the whole amount XX^. It is usual to con- 
sider that the offset should be so short that XX^ will 
not exceed 0*01 inch in paper, this being regarded as 
the possible error in the plotting of any point by an 
ordinary draughtsman. 

On this basis, and assuming that on fair ground 
the offset can be laid out by eye with an error in 
direction not exceeding 3°, the maximum length of off- 
set to such a point will be about w ~ 5, where n is 
the length represented by 1 inch on paper. Thus 
with a scale of 20 links to the inch, the surveyor 
should not lay out by eye (to corners or such 
points) longer offsets than 20 -r 5, or 4 links, on 
the ground. If the scale is 100 feet to 1 inch, he 
can use 100 -r- 5, or 20 feet, and so on. Generally 
if a = angular error in direction of offset, I — 
measured length of offset in links, XX^ = error in 
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plotted point, n = number of links per inch in scale, 

then XX, = Z sin a links = -_?^^ inches on paper. 
* n 

If we put XXi = 01 inch, we can find I from this 
formula, giving the limiting length of ofEset. 

Taking Buildings, etc.— Now an optical square 
is not always available, and, especially if working to 
large scales, it may be in- 
convenient to take a line 
always within these dis- 
tances of every comer. In 
' such cases points, such as 
a (fig. 18), are fixed by tak- 
ing two measurements to 
them from known points a, 
/, on the chain line. On 
paper, we mark the positions of e and / on the chain 
line, then take these as centres, and the lengths ea, 
fa, to scale, as radii, and describe arcs to meet, thus 
fixing the plan of a. 

In the case of buildings, it is a good plan to fix 
the points e and / so that they are in line with the 
sides ad and be. Then measure ea, /a, /6, and eb. 
Also measure the dimensions of the house. Ex- 
amples of booking will be found in the field books re- 
ferring to fig. 1, for example on the line OP, p. 7. 

If the house is at all complicated, it may be difficult 
to get in all the dimensions in the space available in 
the field book. In such cases it is a good plan to 
fix only the two nearer corners, a and 6, then give 
a reference to another page of the field book, where 
a dimensioned sketch of the building will be given, 
with the same two comers, a and 6, lettered for 
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identification. For an example, see the field book 
of GF, p. 8. 

Other Forms of Field Book. — Some surveyors 
prefer to use a single line down the middle of the 
page, instead of the double line here shown and re- 
commended. 

In very complicated detailed surveys, as for in- 
stance in surveys for railway maintenance works, 
near stations and the like, this practice is not uncom- 
mon. But the whole field book becomes then rather 
of the nature of a dimensioned sketch, the chain line 
serving simply as a sort of base, along which the di- 
mensions or distances are written, just as they are 
along any other line. 

This system of booking has advantages in such 
cases, but the writer does not recommend it for 
ordinary work in open country. 

Numbering Lines. — Many surveyors number the 
lines instead of the stations. In the opinion of the 
writer this leads to a more complicated field book 
without offering any compensating advantage, where- 
as simplicity in the field book should be one of the 
surveyor's chief aims. The only possible advantage 
known to the writer is that it may be easier to find 
the field book of any particular line, if it be at any 
time required to turn to it for reference — that is, as- 
suming that they are measured in the same order as 
they are numbered. If this is considered worth 
troubling about, it is easy to number the lines on the 
diagram in the order in which they are measured, 
as shown on p. 6, so securing the above advantage 
at the sarnie time as the greater simplicity due to the 
numbering or lettering of the stations. 
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Principles on which Lines are Arranged. — Ee- 

turning now to the arrangement of the lines, it has 
been stated that the first object of the surveyor is (a) 
to obtain one or more main triangles of as large size 
as possible on the ground. 

The principal other points to be attended to are as 
follows, and the student should study them in refer- 
ence to fig. 1, p. 1 : — 

(b) There must be a line near enough to each 
boundary to avoid unduly long offsets. 

(o) All the lines must be arranged so that they 
can be plotted by intersecting arcs from their lengths 
alone. 

(d) The number of lines should be as small as 
possible, and, as far as possible, each line should be 
useful, — that is it should serve to directly fix some 
portions of the required boundaries, etc. 

(e) There should be some check on the accuracy 
of each part of the chaining. That is, lines such as 
HI (fig. 1, p. 1) must be arranged to fit in 
between known points on other lines. If possible, 
these check lines should be otherwise useful for fixing 
boundaries, but, if not, they must be measured as 
checks alone, as in the case of UT. 

(/ ) If any line, after being plotted, is to be pro- 
duced to fix new stations, the lengths of the parts 
produced should be short in comparison with the 
part directly plotted. For example, see the produced 
parts FV and ED in the line EF. 

{g) All intersections by which stations are fixed 
should be well-conditioned. That is, the arcs should 
meet at a good angle as shown in fig. 19. If they 
meet as in fig. 20, for example, the intersection is 
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said to be ill-conditioned, and a very small error in 
either of the radii may cause a considerable displace- 
ment of the station. 

(h) The crossing of hedges should be as much as 
possible avoided. Thus if we are surveying a line 
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FK, and we wish lines to branch from it about in 
the directions KG and KH, we should first lay out, 
say, the line GL in about the direction in which we 
require it. Then, by means of a number of ranging 
rods close to the hedge, we can generally manage to 
see through the hedge from the other side, so as to 
prolong the line from L to K, and thus fix the position 




Fig. 21. 



Fig. 22. 



of station K. Then, along the line KG, take station 
L, so as to run the line LM instead of KH, thus 
avoiding a second crossing of the hedge. 

Hedge and Ditch. — When a fence consists of a 
hedge with a ditch on one side, as shown in fig. 22, 
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the offsets are usually taken to the centre of the 
hedge Y. But the true boundary is the edge X of the 
ditch, and an allowance must be made for this. 
Hence it is important that the young surveyor should 
look out for such cases and, if the ditch exists, that 
he should show in his field book on which side of 
the hedge it lies. (See lines AW and WF, p. 7.) 

The allowance varies somewhat in different places, 
but it is usually 4 feet or 6 links according to the 
units in which the measurements are made. 

Obstacles in Chain Surveying. — There are 
several kinds of obstacles to be met in carrying out a 
survey which render the task less easy of accom- 
plishment. It is proposed to deal now with some of 
those which occur most frequently, and to suggest 
methods of overcoming them. But the first prin- 
ciple which the writer wishes the young surveyor to 
take thoroughly to heart is, that if accuracy is his 
chief object, he must be careful to arrange checks^as 
far as possible for every part of the work. The 
principles of chain surveying (including the treatment 
of obstacles) are so easily grasped that the beginner 
is too apt to think that mistakes are almost im- 
possible, to treat obstacles almost with contempt, and 
to neglect checks. Experience will teach him that 
such an attitude leads certainly to disaster, and that 
it is much easier to take a few extra measurements 
whilst the work is being done than to repeat the 
whole survey. 

Sloping Ground. — The most common of such 
obstacles is sloping ground. 

The distances to be shown on a plan are the hori- 
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zontal distances from point to point. Hence if a line 
has to be measured on sloping ground, a correction 
must be introduced. The first method of overcoming 
this is by ** chaining in 
steps ". For an up slope, 
assuming that A (fig. 23) 
is the end of a chain, the 
leader goes forward to B, 
and holds his handle on 
the ground. The follower raises his end of the chain 
up a ranging rod AD, until, as well as can be judged 
hy eye, the chain is horizontal. The follower then 
holds tight, while the leader stretches the chain and 
inserts an arrow at B. Thus the horizontal distance 
DB is measured, and no further correction is neces- 
sary. The ranging rod may be held vertically by 
plumb-bob, or by eye alone. It is usual to work in 
half -chain lengths, as the whole chain is too heavy 
to be stretched horizontally at once. In this case, 
an arrow should be specially marked for thei half -chain 
points, being passed back to the leader as the end of 
each complete chain is marked. The surveyor must 
see that when the slope is passed this arrow is re- 
turned to the leader or follower, according to the one 
from whom it was first taken. Some surveyors keep 
a special arrow for this work in addition to the ten 
ordinary arrows. On a down slope, the leader, of 
course, has the ranging rod. 

The method is only suitable for short slopes. On 
a slope of any length it would almost certainly lead 
to an appreciable accumulated error. 

In the second method, if AB be the chain laid 
along the slope (fig. 24), it is desired to insert the 
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arrow, not at B, but at C, so that AD may be one 
chain or a hundred links. For this purpose we 
measure the angle of slope, a. Then AD = 100 links 
and AC = 100 sec. a links, and AB = 100 links. 
Hence BC = AC - AB = 100 (sec. a - 1) links. 
This formula gives the amount BC by which the 
arrow must be placed by 
the leader in ad/vance of 
the end of each chadn, so 
that the horizontal dis- 
tances from arrow to 
arrow may be one chain. 
It is called the hypotenusal allowance. Its value for 
various angles is given in the annexed table, which 
should be copied into the field book. 
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The figures are given in inches (to the nearest 
tenth) per chain, as well as in links, in case it should 
be desired to apply the correction by means of a foot 
rule. 
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The Clinometer. — The angle of slope is most 
commonly measured by some form of clinometer. 
The most simple form consists of a semi-circle (say 
of white paper glued on to a thin board) graduated 
as shown (fig. 25). ACB is the diameter of the semi- 
circle. At two points, A 
and B, on it, short pins 
are driven into the board, 
so that they project out 
perpendicularly from it. 
From the centre, C, is 
hung a small plumb-bob. 
To use it, a mark is made 
on a ranging rod, at the 
same height above the 
ground as the observer's eye (a strip of paper tied round 
the rod, with. its top at the right height, will answer), 
and the leader is sent forward along the slope with 
it. The surveyor then aims the two pins, A, B, at the 
mark, holding the plane of the clinometer vertical, 
and his eye near A. He then clips the string of the 





Fig. 26. 



plumb-bob with his thumb, lowers the instrument, 
and reads off the angle under the thread. The figure 
is drawn as if for an wp slope, but the principle is 
the same whether the slope be up or down. 
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A more accurate clinometer is that shown dia- 
grammatically in fig. 26. Essentially, it consists of a 
sighting tube, within which is fixed a reflector BA, as 
shown. The lower edge, A, of the reflector coincides 
with a diameter of the tube. There is an opening, 
BC, in the top of the tube, and above this is a level, 
tube L, which can be rotated, in a vertical plane, by 
a thifmbscrew. 

To use the instrument, we aim the tube at a mark 
on a ranging rod (at the same height above the 
ground as the observer's eye, in the same way as 




Fio. 27. 

described above), using the small aperture D and the 
edge A of the reflector for taking aim. This brings 
the tube parallel to the slope, and the level L is then 
turned slowly by the thumbscrew. When it comes 
into the horizontal position, as shown, the bubble can 
be seen passing across in the reflector BA, and we 
adjust very carefully, so that the bubble appears 
central at the same time as the mark is covered by 
the edge A. 

The instrument is then lowered, and the angle of 
slope read off by an index mark at the side. 
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The Abney Level. — ^The clinometer is similar in 
principle to the Abney Level, which is shown in figs. 
27 and 28 in its ordinary form, and in the improved 
form as made by Mr. Steward, Strand, London. 




Adjustment of the Clinometer, — To test the ad- 
justment of any form of clinometer, measure the 
angle of slope between any two points, say 100 to 
300 feet apart, first up the slope, then down. Take 
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two or three measurements each way, to see if the 
results are uniform. The result should be the same 
for the up as for the down slope. If not, half the 
difference gives the correction to be applied to all 
angles, and is called the index error. The sign of 
the correction depends upon which angle was the 
greater. For example : — 

up slope 4:°-30' \ \ diff. = 15', 
down slope 5°-0' j up slope too small. 

Hence the index error is fifteen minutes, to be 
added to all angles of elevation {up slope angles) and 
subtracted from all angles of depression. 

Many clinometers s^re graduated to give the hypo- 
tenusal allowance directly. In this case the index 
error cannot be used as here described, and the 
instrument must be corrected. 

For this purpose, set the instrument to the mean 
of the two readings — ( = ^''•dS' in the above example) 
— and adjust the bubble, a little at a time, by the 
screws which carry it, until when we look at the ob- 
ject with that setting, the bubble appears central. 

Reason for Correcting for Slope on Field. — It 
would, of course, be possible to measure the whole 
line on the slope and correct for slope afterwards. 
But this is objectionable, because it would be neces- 
sary to calculate and apply the correction, not only 
for the whole line, but for every point at which an 
offset was taken. But by correcting at the end of 
each chain, as above, not only can the whole length 
of line be taken straight from the field book, but all 
offsets at the ends of chains can generally be plotted 
at once without any correction of distance. The 
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correction on any one chain length is often so small 
that it would not be appreciable on paper. But in 
large scale work it may be necessary to correct the 
distances for any intermediate offsets. For this 
reason, wherever there is a slope it is desirable to 
note in the margin of the field book the angle of 
slope and the hypotenusal allowance. For example 
see field book of OG, p. 8. Thus with an offset at 
1*63 chains, and hypotenusal allowance 0'8 link per 
chain, the draughtsman would work out '63 x -8 = 
•5 link nearly, and the offset must be put in at 1*625 
chains, instead of 1'63. There is no correction for 
the whole chain, for the reason already given. 

Offsets, if on the slope, are generally measured by 
the method of stepping above described. 

Ponds, Rivers, etc. — Other obstacles are such as 
ponds, rivers, quarries, etc., which we can see across. 
Here there is no dif&culty about the direction of the 
line. First suppose that the distance, AB, across is 
less than one chain. 

Then we chain up to A, on the near edge, then 
measure the distance AB across, and 
add to find the chainage of B. Thus 
suppose A = 11-60 chains, AB = 62 
links. Then B = 12-22 chains. The 
follower then goes to B, and gets one 
arrow from the leader (so that the 
follower will now have two alto- 
gether, which corresponds to twelve 
chains) and holds the end of the 
twenty-second link at B (the chain- -p^^ ^9 

age being 12-22), while the leader 
stretches the remainder of the chain to fix the third 
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arrow, making thirteen chains. The surveyor must 
personally superintend this operation. 

If the ofi&ets to the boundary of the obstacle are 
required, perpendiculars AC, BD, may be laid out, 
of the same length. By eye will be sufficiently near 
if they are short. Measure along CD, and measure 
the ofi&ets from that line, subtracting each one from 
the length AC or BD, so as to find the offeet to be 
entered in the book. To avoid errors in distances, 
in the above example we should begin with the 
sixtieth link at C (the chainage at A being 11-60), 
and chain on from there. The chainage at D should 
check with the value already obtained for B. 

AB should always be measured directly if possible, 
but, if longer than one chain, it may be necessary to 
rely on the measurements 
taken along CD. In this case 
the offsets AC, BD should 
always be laid out by optical 
square or by construction as 
already described. 

Another method, applic- 
able to rivers as well as ponds, 
etc. (where the nature of the 
ground allows), is shown in 
fig. 30. It is assumed that 
AB is longer than one chain, 
as it would otherwise be 
measured directly. 

Choose points C, A, on the 
chain line ; also a point D, such that we may 
measure AD and CD, and produce them to make 
DF = AD, and DE = CD. Banging rods are placed at 
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B, D, B, and F. The surveyor now walks along 
BF (keeping himself in line with the rods) until he 
also comes into line D and B. This fixes the point 
G. Then AB = FG, which latter can be measured. 
Chain up to A, calculate the chainage of B, and 
adjust the arrows as before. 

Many other methods will 

suggest themselves. For in- 

stance, with a cross-staff set 1 

out AC at right angles to AB 

(fig. 31). Then by trial, using ~ 

the 45° shts, find the point C 

such that ACB = 45°. Then 

AB = AC. ^'^•^^• 

Or, if there is an instrument available for measur- 
ing horizontal angles, lay out AG in any direction for 
exact measurement, and measure also the angle BAG, 
AGB. Then calculate AB, by solving the triangle 
ABG. This involves the use of trigonometrical tables 
on the field, as the chainage should be adjusted at 
once, but it is probably the most accurate method in 
the hands of a careful arithmetician. 

HouseSi etCi — Obstacles such as houses, haystacks, 
and the like, are those which we cannot see across. 
Thus in fig. 32, DA is the chain line, and we require 
not only to find the distance AB, but also the posi- 
tion of B and the direction BG in which the line is 
to be continued. 

For this purpose, we could chain up to A, set out 
AE (any length) at 90° to the chain line DA by 
optical square or construction, then set out EF at 90° 
to AE, to clear the obstacle, then FB at 90° to EF 
and equal in length to AE, and finally BG at 90° to 
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FB, to continue the chaining, the length AB being 
found by measuring EF. 

This simple method, however, would be, practically, 
inaccurate, and we use an extension 
of the same principle as follows: 
Choose D and A, so that DA is at 
least as long as AB if possible. Set 
up perpendiculars DG and AE, equal 
in length. Then measure GE, which 
should check with DA, and measure 
the diagonals GA and DE, which 
should agree in length. Then range 
F and H in line with GB, set up per- 
pendiculars BF and GH, each equal 
to DG or AE, and measure BC, BH, 
and FO to check, as before. Then 
BC will give the direction of the 
chain line, and AB is found by 
measuring EF. 
Much . depends upon the accurate ranging of the 
line GEFH. It need hardly be said that such ob- 
stacles should be avoided if possible. But it some- 
times happens that a haystack is built in a hue after 
the stations have been arranged, but before that line 
is measured, and in some cases the ranging of a line 
past a house may much simplify the arrangement of 
lines. 

For instance, referring to fig. 1, p. 1, suppose 
there was a house near C as shown by the dotted 
lines. It would, perhaps, be impossible to find a 
position for C, such that BC would be sufficiently 
near the road, and would clear both houses, while 
AC would also clear the buildings near L. In that 
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case we must either measure some otherwise useless 
lines to fix the stations, or we may still arrange the 
lines as in the figure, and clear the second house on 
BG as above. In this case G would not be fixed in 
the first instance, but we would fix B, lay out BG^ as 
far as G^. Then clear the obstacle, and carry on the 
line to fix G in a suitable position for measuring GA. 
Such a line should only be used, intentionally, when 
the obstacle is near the end (in which case it should 
be dealt with as above), or when the direction of 
the line can be checked by looking over the obstacle 
from high ground on either side. Otherwise, if a 
good result is desired, it is a good plan to repeat the 
construction on both sides of the line. 

Ranging Long Lines. — If the line to be measured 
is longer than about ten or twelve chains, intermedi- 
ate points on it should be ranged before chaining 
begins. 

To do this the surveyor stands a few yards behind 
the signal at one end, and directs an assistant with a 
ranging rod, right or left, until the rod comes into 
line between the two end signals. If AB are the 
two end stations it sometimes happens that this can- 
not be done directly, either because the line is too 
long for the signal at one end to be distinctly visible 
from the other end, or because there is rising ground 
in between, thus obstructing the view. In such 
cases the line can be ranged as follows : the surveyor 
stations himself at G, as near as possible to A, but 
so that he can just see the rod at B distinctly. An 
assistant goes to a point D, so that he can just see A, 
and holds out a ranging rod at arm's length. G then 
directs D, right or left, till he comes into line with 
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Fig. 33. 



B, as shown (fig. 33). The assistant at D then 
steps behind his ranging rod, and directs the surveyor 
C _ until a ranging rod 

carried by the 
latter comes into 
line with A, as 
shown at C^. The 
surveyor then directs the assistant into line again, 
as shown at D^, and so on till both are in line. It 
is a good plan to move a little too far each time, after 
the first, as the process is thereby expedited. 

The Line Ranger. — ^The line ranger is an instru- 
ment whereby this can be done by one person. It 
consists of two right-angled isosceles glass prisms, 
one above the other, as shown in plan in fig. 34. 
One face of each prism lies in the common plane KL, 
but the planes of the longest faces are perpendicular, 
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viz. KM and LN. A ray of light coming from B, 
and entering the lower prism, will undergo total re- 
flection from the hypotenuse, and will enter the eye 
of the observer at D, as if coming from the direction 
CD. A ray from A to the upper prism will be 
similarly reflected from the hypotenuse NL, and if 
the instrument is exactly in the straight line AB, the 
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ranging rods at A and B will appear vertically above 
one another in the upper and lower prisms. To use 
the instrument, the surveyor guesses a point E (fig. 
35) where he will be nearly in line, holds the line 
ranger to his eye so that he is looking into the 
common plane KL (fig. 34), and then walks about at 
right angles to AB till 

the rods at A and B ap- ^ 4/r 

pear in the same verti- ^ £ S 

cal line. The point F ^m, 35. 

(fig, 35) is thus fixed. 

Adjustment of Line Ranger,— To test the ad- 
justment, range out, by eye, four points A, B, C, D 
(fig. 36) in line. Then walk across with the instru- 
ment till a point E is found, where C and D coincide, 
as seen in the lower prism. 



n B E C D 

Fig. 36. 

Then A and B, as seen in the upper prism, should 
coincide with one another and should be in the same 
vertical line as G and D. 

If not, it will be found that one of 
the prisms is fitted at the back with 
adjusting screws, and these should 
be worked until the adjustment is 
perfect. 

Plotting a Chain Survey. — For 
striking the arcs by which the 
stations are fixed on the plan, the 
beam-compass is the most conveni- 
ent instrument, if the sides are at 
all long. A cheap and very useful form is that known 
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as " Philpot's patent/* made and sold by Messrs. 
Harling, Finsbury Pavement, London. 

For plotting the offsets, an offset scale is employed. 
This consists of a short length of scale, divided and 
numbered to correspond with the main scale. Most 
conveniently the zero mark is in the middle (fig. 37), 
and the graduations go each way from that point. 
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In plotting the offsets, say on a Hne AB (fig. 38), 
a line NM may be ruled parallel to AB, and at a 
distance from it equal to half the length of the offset 
scale. The offset scale is then placed with its centre 
point, or zero mark, on the station A, and its edge 
along the perpendicular AN, as shown by the broken 
lines. The main scale isthen placed along NM, with 
its zero mark at N, coincident with the corner of the 
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ofiGset scale. The main scale is carefully fixed in 
that position by weights W. 

For plotting any offset, the offset scale is then 
slid along till its edge comes to the proper distance 
along the main scale. The zero of the offset scale 
will remain on the line AB, and the proper length 
of the offset can then be pricked off with a fine 
needle-point. In the figure, the scale is arranged 
for plotting an offset at distance 2*16 chains. A 
mark at the point X would correspond with an offset 
of 26 links to the right. 

In this description it has been assumed that the 
chainage starts from the station A. Otherwise, the 
edge AN, in the initial position of 
the offset scale, must, of course, pass 
through the zero of the chainage, 
and not through the station. Simi- 
larly, if there is an index mark such 
as D (fig. 39) on the offset scale, we 
use this mark for reading distances, 
instead of the edge of the scale. In ^^^' 39. 

this case, we place the offset scale so that its edge, 
AN (fig. 38), passes through the zero of the chain- 
age, and then slide the main scale along NM until its 
zero mark coincides with the index D, and weight it 
down in that position. If the offset scale is graduated 
from one end to the other (fig. 39) we may still use it 
as above described, or we may place the edge of the 
main scale along the line AB, plot all offsets on one 
side of the line, then reverse the main scale, putting 
it on the other side of AB, for the remaining offsets. 

The student should accustom himself to read the 
figures with the field book upside down, or in any 
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position, and when he is plotting any line, he should 
turn the field book so that the central column lies 
before him in a direction about parallel to that of the 
line on the paper, so that right and left in the field 
book will correspond in direction with right and left 
on the paper. 

The sketch is best filled in, as a rule, after every 
two or three points are plotted. 

The main scale is usually 12 inches long, so 
that with a scale of 1 chain to 1 inch, for 
instance, we can plot distances of 12 chains with- 
out moving the main scale. But if the line is longer 
than 12 chains, we should use only 10 chains 
length, and then move the scale forward. Thus an 
ofifset at 15'3 chains would be plotted at 5*3 on the 
second length. If we had used the whole length of 
12 chains, before moving the scale, this ofifset 
would have been plotted at 3*3 on the second length, 
which is confusing. 

Similarly with a scale of 2 chains to 1 inch, 
we would advance the main scale after every 20 
chains. 

Determination of Areas.— The areas of the various en- 
closures can be obtained by any one of several methods, some 
of which will now be described. 

The Planimeter.— There are many difEerent forms of this 
instrument on the market, of which the best known, and prob- 
ably the most accurate, is the Amsler planimeter. Full 
instructions for use are supplied with the instrument, if 
required, and it is proposed here to enter only into a few pre- 
cautions which should be observed for an accurate result. 

The bar of the instrument is graduated, so that areas can be 
obtained in square centimetres, square inches, or other square 
units, according to the scale of the drawing. Now this 
graduation should not be trusted. The best plan is to rule out 
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very oarefuUy two independent rectangles of known dimensions, 
and preferably of the same area, and to planimeter them with 
any setting of the instrument. The results should agree 
within one part in 1000. Then planimeter the unknown area 
twice, with the same setting. These results being found also to 
agree, we thus establish a ratio between the unknown area and 
the known. Thus suppose the rectangles are (a) 8" x 3", (b) 
6" X 4", the area being 24 sq. inches in each case. Suppose 
the planimeter readings are 17'66 and 17'65, mean = 17 '566. 

Now suppose for the unknown area we obtain 19*32 and 
19-33, mean 19*326. 

Then we have the proportion : — 

Unknown area : 24 sq. inches : : 19*325 : 17*666. 

24 X 19*326 ^ „^„ 
.*. area = — vf^KKR — ~ 26*363 sq. mches. 

The rectangles should have their dimensions marked out 
with fine needle-points, directly from the scale, and, after they 
are drawn, each side should be carefully checked. 

The Reduction to Acres. — When the area has been found 
in square inches, the result is reduced to square chains accord- 
ing to scale. If the scale be n chains to 1 inch, multiply by n*. 
Thus if the scale of the above drawing were 3 chains to 1 inch, 
the area would be 

26*363 X 3 X 3 = 237*267 sq. chains. 
Similarly for 20 links to 1 inch, it would be 
26*363 X 0*2 x0*2 = 26*363 x 04 = 1*06462 sq. chains. 
To reduce square chains (Gunter's) to acres, divide by 10. 
Then multiply the decimal part by 4 to reduce to roods, and 
again the decimal part by 40 to reduce to perches. 
Thus 237-267 sq. chains 
= 23-7267 acres 

4 

2*9068 r 

40 

36*2720 s 
or 23a. 2r. 36-3p. nearly. 

Equalization of Boundaries. — In the absence of a plani- 
meter, the writer has found this the most accurate method, if 

4 
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working from the plan. In fig. 40, the boundary of the area 
to be determined is shown by the broken line. 

Taking a piece of transparent gelatine with a straight line 




Fio. 40. 

scratched on one side (a protractor answers very well) we 
move this about, until the line XY on the gelatine very nearly 
coincides with a portion ab of the curved boundary, cutting 
off as much area on one side as it adds on on the other. Then 
mark the points XY with needle dots, remove the protractor 
and rule in the line ab. Repeat this all round the figure as 
shown, and we replace the curved boundary by a set of straight 
lines, which, if the work is properly done, will follow it so 
closely as to be almost indistinguishable from it at a glance, 
but which will everywhere cut off as much at one place as they 
add on at another. 

This equalization can be judged with a high degree of ac- 
curacy by eye, if the parts equalized are kept very small. All 
the lines should be ruled a little too long, as shown, so as to 
cut one another. We then go round the figure and mark the 
points of intersection, a, 6, c, d, etc., with needle dots. Then 
divide the figjure up into triangles by joining these dots in what- 
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ever order may seem most convenient, so as to obtain well- 
shaped triangles, and nmnber as shown. 

We then take the triangles in pairs having a common base, 
and for each pair we measure the common base, and also the 
perpendicular heights. Thus for the triangles numbers 1 and 
2, the common base is ac, and the heights are bm and en. 
Then the areas of those triangles will be J ac (hm + en). 

Tabulate as follows : — 



No. of Triangle. 


Heights. 


Sum. 


Base. 
ac 


Product. 


land 2 


bm\ 
^enf 


(bm + en) 


ac X sum 



When the table is complete the last column is summed, and 
the result divided by two to find the area. 

In some cases, as, for instance, the triangle No. 3 in the 
figure, it is more convenient to take one triangle at a time, in 
which case, of course, the product will be simply base x ht. 

It is best to measure directly in feet or chains to scale, in- 
stead of in inches. The area is thus obtained directly in 
square feet or square chains. 

Reducing Qeometrically.— Instead of dividmg into tri- 
angles as above, which is more or less tedious, the figure may 
be reduced to a single triangle geometrically (after the equaliza- 
tion of boundaries) as follows : — 

Suppose the points 1,2, etc. in fig. 41 correspond with a, &, 
etc. in fig. 40. Choose any one side as base, the only condition 
being that it should not, when produced, cut through the figure. 
Thus 1, 2, or 2, 3, would do, but we must not choose a line like 
3, 4. Say we choose the side 1, 2. Then beginning at one end, 
2, we join this point 2 to the next point but one^ in this case 4, 
and from the intermediate point, 3, draw 3/ parallel to 2, 4 to 
meet the base at /. Then the triangle 2, 3, 4, may be replaced 
by 2/4, which is equal in area. / is now the end of the base ; 
join / to the next point but one in order, viz. 5, and from 4 
draw a parallel to meet the base in g. Then join ^ to 6, and 
from 5 draw a parallel to meet the base in h. Join /i to 7, and 
draw a parallel from 6, meeting the base in «, and join i to 8 
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and draw the parallel Ij, The pomt 7 has thus been replaced 
by J*, and having now arrived at the top of the figure, y> e rule 
in the line j8 and stop there. 

Then begin at the other end, 1, of the base, and proceed 
similarly with the points 15, 14, etc. In this way we finally 
arrive at the figure /y8, which is equal in area to the original, 




Fig. 41. 

and the area of which is found by measuring the base /r/, and 
the perpendicular height, 8n. 

Then area = J /y x 8n. 

In the opinion of the writer this method is less accurate than 
that first given, but it is also less tedious, and it gives a fair re- 
sult if great care is taken with the parallels, and if all the 
points are marked with fine needle dots. It is not necessary to 
actually draw the lines such as 2, 4. We simply place the set 
square so that its edge passes truly through the centres of the 
dots at 2 and 4, then slide it along to draw the parallel 8/. 

The Computation Scale.— The computation scale, fig. 42, 
consists of a scale graduated to the scale of the drawing, and 
fitted with a transparent slider, as shown, on which a line XY is 
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engraved. To use it, the area is divided into strips, edch 1 chain 



lll|llll|ll 






]I III | I I I| |MI I [|II 



Fig. 42. 

high to scaUy as shown (fig. 43). The slider is set to zero on 
the main scale by means of the index mark shown below X, and 
the whole scale is then moved until the line XY occupies the 
position a6, where, as judged by eye, it cuts off, and adds on, 




Fig. 43. 

equal areas, which are shown shaded in the figure. The main 
scale is then held fast, and the slider moved until the line XY 
occupies the position c<2, where it equalizes the areas at the 
other end of the first strip. Then obviously 

Area of first strip == hd y. dc. But as dc has been made 1 
chain high, the area in square chains is given by the length bd 
in chains, which we can read off at once on the main scale. 

Instead of reading it at once, it is usual to move the whole 
scale (the position of the slider on it remaining fixed) till the 
line XY occupies the position «/, where it equalizes the left end 



Digitized 



by Google 



54 



SUBVEYING 



of the second strip. Then hold the scale, and move the slider, 
to equalize the right-hand end. The reading on the main scale 
will then give the sum of the areas of the two strips, and so on, 
until there is not sufficient length of scale left for another strip. 
Then note the reading, set the slider back to zero, and proceed 
with the remaining strips. The sum of all readings tak^i in 
this way will give the required area. 




The last strip will seldom be just 1 chain in height. If not, 
we must deal separately with this strip. Obtain the length of 
the strip after equalization at both ends as above, and then 
multiply by the height of the strip in chains. 

This method is less accurate than those already described, 
but it is quicker than the equalization of boundaries, and may 
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be used in the absence of a planimeter. If obliged to work 
with a main scale not divided to the proper scale, we reduce the 
final result according to the ratio of the scales. Thus with a 
drawing done to a scale of 8 chains to 1 inch, and a computa- 
tion scale divided 2 chains to 1 inch, we rule the lines one-third 
of an inch apart, and measure the accumulated length of stripe 
in chains with the scale used, and then multiply by %. The 
proper scale of the drawing is to be taken as the numerator. 

If the scale is large — say 20 links to 1 inch, for instance — 
one chain, to scale, would be an inconveniently great height for 
the strips. In such cases use some fraction of a chain — say 
one-tenth of a chain —and then take this same fraction of the 
final result. 

Area from Offsets.— Suppose AB, BC (fig. 44) are two 
lines, and that their field books are as shown on page 54. 

The positions of these offsets (which are not drawn to scale) 
along AB are shown by the dotted lines, and if we regard the 
portion of boundary between two adjacent offsets as straight, 
it is evident that the ground between the survey line and the 
boundary will be divided into a number of trapezia, the area of 
each of which can be found Jby multiplying the mean length of 
adjacent offsets by the distance between them. Thus area of 

kazZ = AZ X 



f Zz + Aa \ 



The calculation is shown in the table on next page, in which 
the offsets are taken from the field book above. 

The field book shows that an allowance for ** hedge and 
ditch " (see p. 31) is to be subtracted along the line AB. The 
area of this is reckoned for a width of 6 links over the whole 
length of line AB, viz. 493 links. 

The comers are, perhaps, best dealt with separately as 
shown. If Bw, Bn (fig. 44) be the last and first offsets on 
AB and BC respectively, then if AB and BC are nearly at 
right angles, the area of the corner Bmn is very nearly given 
by Bw X Bn, which is the rule used in correcting for the comer 
area in the table. 

But if the angle ABC is widely different from 90° (say less 
than 70° or more than 110°) we must mark the points m and 
n, measure mn, and calculate the area of the comer triangle 
from the known lengths of the three sides. 
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Line. 



Offsets 
(Links). 


Sum. 


12 \ 

18 


80 


18) 
20| 


38 


20\ 


41 


21 f 




^V^ 


43 


22 j 




22) 


43 


21) 




211 
"1 


32 



Distance 

(Links). 



Product. 



AB 



80 
100 
100 
40 
60 
83 



463 



2400 
3800 
4100 
1720 
2580 
2656 



BC 



10^ 
14/ 


24 


in 
11/ 


25 


111 

0/ 


11 


7j 


- 7 


7l - 
Of 


- 7 


0) 
9/ 


9 


91 
12/ 


21 



100 
100 
21 
126 
79 
74 
43 



543 



2400 

2500 

231 



666 
903 



563 



allowance for ditch 
= 493 X 6 = 

11 X 10 ^\ 
comer — ^ = 55 



corner ^ 



2 
X 12 



= 120 



- 2968 2) 

175 
-2783 



23,956 
1435 



1435 



22,621 



11,260 sq. links 
2,783 



8,477 sq. links 
0*8477 sq. chains 
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The distances in the table are got by repeated subtraction, 
that is, each distance in the tield book — beginning from A — is 
subtracted from the next above it. Before working out the 
products, the distance column is summed to see that it checks 
with the length of the line — from station to station — as given 
in the field book. 

When the boundary crosses, and comes within the survey 
lines, as shown along BC, these parts of the area are to be de- 
ducted, and are marked with a minus sign in the table for this 
reason. 

It is most convenient to work with the sum of the adjacent 
oSsets, as in this table, and to halve (once for all) the result 
obtained by summing the product column, as shown. 

This rule, whereby each small area is regarded as a tra- 




Fio. 45. 

pezium, and its area found in that assumption, is called the 
trapezoidal rule. 

The area enclosed within the survey lines themselves may be 
found by plotting the figure and reducing to a triangle, or by 
dividing it into a number of triangles, and working as described 
under equalization of boundaries. 

If this method of finding the area is to be used at all, it is 
most usual to divide the polygon formed by the survey lines 
into triangles on the fields to lay out the perpendicular height of 
each triangle with the optical square, and to measure it on the 
ground, so that no measurements at all have to be taken from 
the drawing. 

Simpson's Rule. — Simpson's rule is particularly useful in 
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finding the areas of long strips of ground, where the breadths 
are known at equal intervals. 

If AB (fig. 45) be the whole length, it must be divided into 
any even number of equal parts, and the breadths, fej, h^, 
etc., must be known at the ends of each part. Thus there will 
be an odd number of ordinates or breadths. Let the length 
of one part be I. Then, by Simpson's rule, 

Area = - (first and last ordinates + 4 x sum of even ordin- 
o 

ates + 2 X sum of odd ordinates, not including the first 

and last). 

The even ordinates are those numbered with an even number 

in the figure, viz. h^t h^t etc. 

The odd ordinates are numbered with odd numbers. 



That is, area = - (h^ + 4/^3 + 2h^ + 4^4 + 



. + K). 



The calculations should be tabulated as in the example be- 
low, in which the ordinates are supposed to have the values 
marked on the figure, and I is supposed to be 1 chain or 
66 feet. 



No. 



Ordinate. Ditto x Factor. 



1 





2 


15 


3 


31 


4 


21 


5 


27 


6 


32 


7 


35 


8 


36 


9 


30 




60 
62 
84 
54 

128 
70 

144 
30 

632 



For the first and last ordinates, the multiplying factor is 
unity. For the others, either four or two, according to the 

I 



number. The last column is summed, and multiplied by 



3* 



In this case area = 22 x 632 = 13882 sq. feet. 

Unless the breadths are known at regular intervals 
better to use the trapezoidal rule. 



it is 
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Simpson's rale may also be used to find the volumes of em- 
bankments, etc., bj taking as ordinates the areas of the cross 
sections at regular intervals along the centre line. 

Area of a Triangle. — When the three sides of a triangle 
are known, the area may be found by formula. Let a, 6, c be 
the lengths of the three sides, and s the half-sum, so that 
s = {a + b + c) ^ 2. 

Then area = J s . (s - a) , (s - b) , (s - c). 

Degree of Accuracy in Chaining — It is usually 
considered, as the result of tests, that on good ground 
with careful work, the error in chaining a length by 
the methods described in this chapter should not 
exceed one part in 1000. On rougher ground one 
part in 250 is a fair average. 

North Point. — It is usually desirable to show the 
north point on the plan for the sake of finish, even if 
it is otherwise of no importance. Approximate 
methods of finding it are : — 

(a) By means of the magnetic compass. This will 
give the direction of magnetic North — true or geo- 
graphical North can then be shown by taking the 
magnetic declination from the Admiralty Chart. 
Unless true North is shown in this way, it should be 
stated in the plan that magnetic North has been 
shown, and the date should be named. 

(b) If local time is fairly accurately known, by 
observing the direction of the sun at 12 o'clock noon. 
In the northern hemisphere this will give the direction 
of the South point. If a very accurate result is 
required, the " equation of time *' should be obtained 
for the day from the Nautical Almanac. Suppose it is 
given as 15 m. 10 sec. to be subtracted from mean 
time. Then we must add this to 12 o'clock, and 
take the position of the sun at 12 h. 15 m. 10 s. 
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(c) Without an accurate knowledge of local time, 
by setting up a vertical stick AB, on level ground. 
Then if AC be the shadow 
cast by this stick about 
three hours before noon, 
we mark the end C of the 
shadow, and then with a 
piece of string we mark out 
the circle CBD on the 
ground, with A as centre 
and AC as radius. As the 
^^' ^^- sun rises and sets the end 

of the shadow will describe a path such as CFD, and 
we watch it, about three hours after noon, until the 
end of the shadow returns to the circle CBD, at the 
point D. This point is then also marked, and if CD 
be bisected and the point so found be joined to A, 
this line gives the direction of the meridian. The 
stick must be carefully plumbed, but even with great 
care the method is not susceptible of great accuracy. 

EXERCISES FOR REVISION. 

1. State the relative advantages and disadvantages of : — 
(a) the band and ordinary chains ; 

(6) the Gunter's and 100-foot chains, saying when you 
woold use each. 

2. If the possible error in laying out the direction of an off- 
set is 5°, and the scale of the drawing is to be 50 feet to I inch , 
how long may an offset be, in order that the displacement of a 
point of the paper may not exceed *01 inch ? 

8. If an offset can be measured with an accuracy of one part 

in 150, and if the error in laying out the direction may be 4°, 

prove that the displacement of a point on the paper, due to both 

I 

sources of error, may be ~ /i^sin* 4° + (j^)^ inches, where I is 

the length of offset in links (or feet) and n the number of 
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links (or feet) to the inch in the soale. Hence find I, if the scale 
be 50 feet to 1 inch, so that the displacement may not exceed 
•01 inch. 

4. Enumerate the conditions to be borne in mind when ar- 
ranging the lines for a chain survey. 

5. In a certain survey with hedge and ditch fences, the lines 
were all inside the area. The hedge was next the line on three 
lines whose lengths were 7*03, 5-61, and 4*79 chains, and the 
ditch was next the line on one line, whose length was 6*83 chains. 
Find the allowance in area for hedge and ditch, stating whether 
it is to be added or subtracted. 

6. Find, by Simpson's rule, the area of the pieces of ground 
whose breadths are given in the tables below : — 



(a) 
Distance in chains 





•5 


1*0 


1*5 
17 


2*0 
12 


2*5 
18 


30 
20 


3*5 

18 


4*0 

18 


Breadth in links 


18 


21 


22 



Distance in 
chains 





1*0 


2*0 


3*0 


40 


4*5 


5*0 


5*25 


5*5 


5*75 


60 


• 

Breadth in 
links 





10 


17 


20 


15 


22 


17 


19 


15 


19 


16 



7. For what purpose, and how, is a clinometer used in chain 
surveying ? Explain how the results of the clinometer measure- 
ments are used. 

8. How is the adjustment of the clinometer tested ? 

9. What is the use of an optical square, and how is its adjust- 
ment tested ? 

10. Sketch and describe the line ranger, and say how you 
would test its adjustment. 

11. It is desired to chain a line about 12 chains long, but in 
consequence of a mist a ranging rod cannot be seen farther than 
about 7J chains. How would you range out the line (a) with, 
(b) without using, a line ranger ? 

12. Plot the notes on pp. 6 to 8. 
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General Principles. — A traverse survey dififers 
from a simple chain survey mainly in the fact that 
the relative directions of the lines are fixed by means 
of angular measurements, and not from the lengths 
alone. 

A traverse is usually applied to larger surveys, 
and particularly when the survey is along a definite 
line or route, such as a road or railway or coast line. 
Let ABODE be an arrange- 
ment of straight lines approxi- 
mately following, say, an exist- 
ing road. We chain along these 
lines, and take ofifsets to the sides 
of the road, just as in chain sur- 
veying. 

But to fix the directions of the 
lines with respect to one another, 
we either measure the included 
angles between the lines with a 
theodolite or sextant, or, what 
comes to the same thing, measure 
the " bearing '* of each line, — that is, the angle it 
makes with some standard direction, usually a north 
and south line. 

(62) 




Fig. 47. 
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We will suppose first that the included angles are 
being measured with a theodolite. 
The Theodolite. — The most commonly used form 




Fio. 48. 



of this instrument in England is now the transit theo- 
dolite, which is shown in fig. 48. Like all other 
forms, it consists essentially of a horizontal circle 
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graduated in degrees and minutes, and of a second 
horizontal circle, concentric with the first but rotat- 
ing independently of it, and carrying a telescope and 
a vernier or index of some sort, by means of which 
we can read, on the lower circle, the angle through 
which the telescope has turned in a horizontal direc- 
tion. These circles are called the lower and upper 
plate or limb respectively. Each is provided with a 
clamping screw to fix it in any desired position, and 
a tangent screw to give it a slow motion after the 
clamp is fixed. 

The whole can be "levelled" — that is, the hori- 
zontal circles can be brought into a truly horizontal 
plane — by an arrangement of three or four plate screws 
underneath and one or more spirit levels on the plates, 
and the telescope is capable of motion in a vertical 
plane, so as to enable stations to be viewed which 
are either higher or lower than the observer's station. 

A plumb-bob can be hung either from the tripod 
or from the instrument itself, so as to enable it to be 
centred accurately over a station. 

It will be assumed that the reader has studied an 
actual theodolite and learned the names of the parts 
on the instrument itself. 

To use it for measuring say the angle ABC between two tra- 
verse lines, remove the ranging rod (if any) at B and then — 

(1) Centre the instrument over the station by means of the 
plumb-bob. Practice makes perfect in this operation, but if 
the beginner lifts tivo legs of the tripod off the ground, he will 
find it possible to move the instrument in any direction, whilst 
still keeping the horizontal circles level, as well as can be judged 
by eye. When nearly right the raised legs are pressed down 
one at a time, without shifting the position of the instrument. 
The legs are then pressed into the ground to make all firm, and 
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the centring can be improved by pressing some more firmly 
than others. Some instruments have centring plates, by means 
of which the final adjustment can be very accurately made. 

(2) Level the horizontal plate. If there are three levelling 
screws, set the spirit level parallel to two of them, and work 
these, either both thumbs in or both thumbs out, until the 
bubble is central. Then turn the plate through 90°, so that 
the level is at right angles to its first position, and level again, 
using the third screw only. Then repeat. (If there are two 
levels at right angles, do not turn the plate, but use the second 
level instead when adjusting with the single screw.) 

If there are four screws, set the bubble parallel to two 
opposite screws. Look to see at which end of its run the 
bubble is situated, and slacken the screw under that end, 
about one turn. See whether in doing this we work '* thumb 
in," or ** thumb out," and accordingly work the two opposite 
screws, either both thumbs in, or both thumbs out, until the 
bubble goes a little too far. Then tighten up the screw which 
was first slackened, so as to bring the bubble back to the 
centre ; repeat this with the other pair of opposite screws, and 
then again with the first. It will be observed that with a 
four-screw instrument, the upper portions are usually held 
down by a ball and socket joint, so that we must begin by 
slackening one screw. Working in the above manner, we 
ensure that all the screws are tight when the levelling is 
finished. 

(3) Look through the telescope at the sky, or at a white 
paper held just in front, and work the eyepiece in or out 
slowly, so as to bring the "cross hairs" or spider's webs 
(which will be seen inside .the telescope) sharply into focus. 
Turn the eyepiece clockwise, whilst pushing it in or out, to 
avoid unscrewing the lens. 

This should not need adjustment after the first station. 

(4) Set the vernier on the horizontal circle to zero, or 360°, 
using the tangent screw for the final adjustment, after 
clamping. 

(5) Unclamp the lower plate, and aim the telescope at the 
back station next behind (in this case supposed to be A) 
taking aim over the top of the telescope only. Clamp the 
lower plate. 

5 
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(6) Look through the telescope, set the elevatioD about 
right, and focus the object by the focussing screw at the side. 
If the aim was properly taken, it will be possible to see the 
signal at A in the field, though it will not be exactly on the 
hairs. Bring the intersection of the hairs near the lowest 
visible point of the signal, and clamp the vertical motion. 
Then use the lower and vertical tangent screws, so that the 
centre of the spider's webs exactly bisects the lowest visible 
point of the signal. Move the eye about, and if the hairs appear 
to move on the signal, touch the focussing screw slightly, till 
all movement of the hair ceases. Then check the vernier to 
see that it still reads zero. 

(7) Unclamp the top plate, take aim over the top at the 
forward station (in this case G) and repeat the operations de- 
scribed in (6), except that we use the upper tangent screw this 
time, and, of course, the vernier will no longer read zero, but 
will give, instead, the included angle ABC, measured clockwise 
from the back statiofi. 

(8) For good work the angle should be checked by the 
method of repetition. After it has been read and booked, 
unolamp the lower plate again, and direct again to the back 
station, as before, using the lower tangent screw, and checking 
the vernier at the end to see that it still reads the angle 
already booked. Then unolamp the upper plate, and direct 
again to the forward station as in (7), when the vernier should 
give a reading double that which has been already booked. 
This check is duly entered in the field book. If the angle does 
not double correctly, it must be measured a third time. 

Great care must be taken always to read the same vernier, 
if only one is read. 

Plotting the Survey. — It will be evident that 
when the lengths of the lines are known, and also 
the angles between them, they can be drawn on 
paper by means of an ordinary scale and protractor. 
But this method of plotting is objectionable, because 
the direction of each line is obtained from that of the 
one before, and the unavoidable errors of drawing 
accumulate, in consequence, from line to line. 
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To avoid this, it is usual to divide the paper up 
into squares, each contain- 
ing some round number of 
units according to scale. A 
point A (fig. 49) is taken as 
origin, the bottom and left- 
hand lines AB, AC, are 
taken as axes and co-or- 
dinates are calculated for 
each point. Thus if P be 
any point of the traverse, PQ and AQ are its co- 
ordinates, and when they are known the point P can 
be plotted independently of all others. 

In English practice PQ and AQ are usually called 
the north and east co-ordinates respectively, but in 
the Colonies they are often called the y and x co-or- 
dinates. 

Calculation of Bearings. — The bearing of a line 
in English practice is generally 
understood to mean the angle 
which that line makes with some 
standard direction, this angle 
being measured clockwise from 
the standard direction right 
round the circle. Thus if AN 
be the standard direction (fig. 50), the bearing of AB 
is 120^ and that of AC is 300°. 

The standard direction is nearly always taken as 
vertical on the paper, and may be a true north or 
south line, or it may be any assumed direction, 
chosen either so as to make the survey fit well on 
the paper, or for any other reason. 

In either case we must obtain, to start with, the 
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bearing of the first line of .the traverse. This may 
be found as hereafter described if a 
true north and south line is taken, 
or it is assumed at the desired figure 
if the standard direction is simply 
being chosen. In calculating the 
co-ordinates, then, the first step is 
to calculate the bearings of all the 
other lines from the included 
angles as follows. 
If AN (fig. 51) be the standard direction, AB the 
first line, put a = bearing of first line. 

P = included angle between the lines, measured 
as already described. 

These angles are marked on the figure, and the 
problem is, given a and p to find the bearing of the 
next line BC. 

Draw BNi parallel to AN. Then BN^ is the 
standard direction at B, and the required bearing 
is the clockwise angle NjBC, marked y on the figure. 
Produce AB to K. Then NjBK = a. 

and KBA = 180°. 
and ABC = )8. 
But y = NjBK + KBA + ABC 

/. y =, g + ^ + 180°, 

This rule is always true, but in some cases it will 
be found that, for certain values of a and )8, the result 
is more than 360°. Now in this case the correct 
bearing is to be found by subtracting 360° from 
the above result. Thus if a + )8 + 180° = 420°, it 
is obvious that this means one complete revolution 
of 360° + 60, and the latter alone is of importance. 
Hence in such oases, the bearing 
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= a + )8 + 180° - 360^ 

= g + )8 - 180° 

Now it is evident also that this will be the case only 
when a + )8 is greater than 180°. Hence we have 
the rule : — 

To find the hearing of any line, take the hearing 
of the previous line, and to it add the included angle 
between the lines. Then if the result is less than 
180°, add 180° ; but if the result is greater than 180°, 
subtract 180°. 

In exceptional cases the result, after subtracting 
180°, will still be greater than 360°. In such cases, 
we subtract an additional 360°, for the same reason 
as before. 

Examples. — Calculate the bearing of BG in each 
of the following cases : Bearing of AB =i (a) 37° 21' ; 
(b) 9° 184' ; (c) 271° 29'. Included angle ABC = 
(a) 114° 31' ; (6) 257° 31'; (c) 298° 47'. 



(a) 


(b) 


W 


37° 21' 


94° 18' 


271° 29' 


114° 31' 


257° 31' 


298° 47' 



151° 52' 
180° 0' 


351° 49' 
180° 0' 


570° 16' 
180° 0' 


331° 52' Ans. 


171° 49' Ans. 


390° 16' 
360° 0' 




30° 16' 



Ans. 

In each case we add the included angle to the 
previous bearing. In (a) we add 180°, because the 
sum is less than 180°, and so on. 

Whole-Circle Bearing, and Azimuth. — The bear- 
ing of a line as here defined is sometimes called the 
" whole-circle " bearing, to distinguish it from the 
** reduced " bearing, to be hereafter defined. 
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In some American and Colonial practice, the bear- 
ing is understood to be measured from south, through 
west, or clockwise, and it is often called the " Azi- 
muth " of the line. Then if the azimuth of the first 
line be obtained, the remaining azimuths are calcu- 
lated as above, on the assumption that the standard 
direction (in this case the direction of due south) 
remains parallel to itself. But, in consequence of 
the roundness of the Earth, this is not actually the 
case (except at the equator), and hence, after travel- 
ling east or west for some distance, the calculated 
azimuth of any line will dififer from the value we 
would obtain by direct measurement from due south 
at the point we had then reached. 

In the best English practice the word azimuth is 
therefore used to mean the true bearing or azimuth 
of the line, as measured directly, at the beginning of 
the line, from the standard direction, which in our 
case is due north. The word bearing is then used 
for the bearing of any other line (or of the same line 
at any other point in it), such bearing being found 
from the included angles as already described on the 
assumption that the standard direction remains 
parallel to itself. 

This practice seems sound and commendable. 

Departures and Differences of Latitude. — Let 
AN (fig. 52) be the standard direction (assumed to 
be north for purposes of calculation) and AB any 
line. Draw BH perpendicular to AN. Then in 
going from A to B, it is clear that we go North by 
an amount AH, which is called the difference of 
latitude between A and B ; and East by an amount 
HB, which is called the departure. 
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Now NAB, or a, is the bearing of AB and AH 
= AB cos a ; HB = AB sin a. 

Hence we have the rules : — 

Difference of latitude between any two points 
= length of line x cosine of bearing ^ and departure 
= length of line x sine of hearing. 

Reduced Bearings. — It is evident that if the line 
be in the direction CD (fig. 53) the difference of lati- 
tude is OH, and is south in direction. 

Now the bearing of the line is the angle NOD, or 





Fig. 52. 



Fig. 53. 



a. But difference of latitude = CH = CD cos p^ 
and departure = HD = CD sin /3. 

Hence to calculate in this case, we still use the 
rules given above, but we must 
use the angle )8-in8tead of the 
true bearing. 

This is called the reduced 
bearing of the linCf and, in 
order that the rules for differ- 
ence of latitude and depar- 
ture may remain always the 
same, it is to be understood 
that the reduced bearing, from 
which we calculate, must always be measured from 
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the north or south line, whichever is the nearer, 
never from east or west. 

Thus referring to fig. 54, if AN be the standard 
direction, a line may lie in any one of the four quad- • 
rants there numbered. 

In quadrant number 1, the whole circle bearing 
lies between 0° and 90° (= NAB), and reduced bear- 
ing also = NAB. 

Hence, calling the whole-circle bearing WCB, and 
the reduced bearing KB, we have : — 



No. of 
Quadrant. 


Limiting 

Values of 

W.C.B. 


B.B.on 
Fig. 54. 


Rule for B.B. 


Cardinal 
Points. 


1 
2 
3 
4 


0°to 90° 

90° to 180° 

180° to 270° 

270° to 360° 


NAB 
SAC 
SAD 

NAE 


= W.C.B. 
= 180° - W.C.B. 
= W.O.B. - 180° 
= 360° - W.C.B. 


N.E. 
S.E. 
S.W. 
N.W. 



The cardinal points are used to indicate the 
quadrant in which the line lies. Thus if W.C.B. = 
163° 12', the line lies in the second quadrant, and 
the cardinal points are S.E., while the reduced bear- 
ing = 180 - W.C.B. = 16° 48'. This angle would 
be used in calculating the difference of latitude and 
departure, and the former would be entered as south 
the latter being east. 

Different Notations for Bearings. — In view of 
the fact, already pointed out, that neither the system 
of measurement nor the nomenclature relating to 
bearings, is universal at present, the surveyor should 
state in each case what system has been adopted. 
Thus if we write bearing of AB = 327° 12' E. of N., 
we mean that starting from north we must go 327" 12' 
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through east, and the line will lie as shown in fig. 55. 
The same line would bear 32° 48' W. of N., or, as it 
is sometimes written, N. 32° 48' W. 

Northings, Southings, etc, — A difference of lati- 
tude, if north is called a northing^ and if south 
a. southing, and departures maybe similarly eastings 
or westings. 

Checks on Closed Traverses. — A traverse which, 
starting from a point A, returns to that same point 
in a limited number of sides, is said to be closed 
(fig. 56). 





v/ 



Fig. 66. 

If we go right round such a traverse, we have the 
following checks : — 

1. The sum of the observed included angles should 
be 2n x 90° + 360° if exterior angles are measured, 
or 2n X 90° - 360° if interior angles are measured, 
n being the number of sides in the traverse. 

It will be remembered that the angles are measured 
clockwise from the back station. Hence we will 
measure interior angles (as shown by the full arrows) 
if we go round the traverse in the anticlockwise 
direction, ABC, etc. But if we go round in the 
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clockwise direction AGF, etc., we will measure ex- 
terior angles as shown by the broken arrows. 

The error in this summation should not exceed 
s/n X «, where e is the smallest reading that can be 
taken with the theodolite being used. Any small 
error, not much exceeding this amount, is distributed 
over the various angles, so as to make them sum 
correctly. Correct preferably those angles which are 
adjacent to the shortest sides, as fruitful sources of 
error are bad centring over the station and observ- 
ing a sloping signal. Either of these will cause a 
bigger angular error over a short line than over a 
long one. 

2. The sum of all the northings must be the same 
as the sum of the southings. Similarly the eastings 
and westings must sum up equal to one another. 
This is obvious, as, in completing the circuit, we 
have no resultant movement either in the north and 
south or in the east and west direction. 

This checks the chainage, as well as the calculation 
of differences of latitude and departures. Hence the 
allowable amount of closing error depends upon the 
estimated accuracy of the chaining, which has been 
already referred to (p. 59). Thus if chaining to 
one part in 1000, the closing error in departure 
should not exceed the thousandth part of the total 
eastings and westings together. Any closing error 
within these limits is distributed over the whole, the 
correction to each being proportional to its value. 

If we find that the southings add up to, say, 88 
feet (or links) more than the northings, and the east- 
ings to forty-two more than the westings, we con- 
clude either that there is an error in the calculation 
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or that a chain has been dropped on a line running 
north-west (as the northings and westings are too 
small) at such a bearing that its difference of latitude 
is about double its departure (in the ratio of 88 to 42) 
and we would look for such a line and re-measure it. 
Traverse Sheet. — The annexed table shows the 
form in which the calculations are arranged, and 
which is called the traverse sheet. It refers to a 
five-sided closed traverse for which the angles and 
distances are shown in fig. 57 (not to scale). The 
student should work carefully through it for himself. 



'iff 


-4y. 








Ih^ 


V, 






f y^ 


^■^-^Sfc 






W^ 


^^^ 


,^^^ 








^^?^^-^ 




'^Ad. 






^Sfi' 










/ 










<■■ 


i\'=> 




12.68-'?. 


8 










^ 


c ,^ 


'!^»€' 








/A» 



Fig. 67. 

It will be seen that the closing error in the angles 
is two minutes, the sum being 1260° 2'. The angles 
adjacent to the shortest side, DE, are adjusted by 
one minute each, and the whole circle bearings cal- 
culated by the rules given, working from the given 
bearing of AB at the top, back again to the same 
figure at the bottom, as a check. The northings and 
southings sum with an error of two links, so that a 
correction of + 1*0 is distributed over the northings, 
and - I'O over the southings. Eastings and west- 
ings are similarly treated, and the co-ordinates of A 
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being chosen, the rest are worked out as shown, and 
check back to A at the bottom. 

Direct Reading of Bearings. — Thus to avoid 
accumulation of drawing errors, a traverse should 
never be plotted from included angles. 

Even when it is desired to plot by scale and pro- 
tractor, the whole^ circle bearing of each line should 
be worked out and used for plotting in preference to 
the included angles, the direction of each line on 
paper being thus obtained independently from 
the standard direction. Many surveyors prefer to 
obtain the bearings directly in the field, instead of 
measuring the included angles. 

This can be done by compass, of course, but it can 
be done more accurately by specially manipulating 
the theodoUte. 

Let AB (fig. 58) be the first line, and suppose that 
its bearing, a, is known, or measured directly from 
north at A. 

Then take the theodolite to B with the vernier 
clamped at this angle a. Unclamp the lower plate, 
direct back to A, clamping again. Then see that 
the vernier still reads a. 
Then unclamp the top 
plate, and turn the tele- 
scope to look at C. Then 
obviously the vernier will 
read a + )8. Now there 

are generally two verniers, 180° apart. Hence if we 
read the opposite vernier, this will automatically add 
or subtract 180°, and will give us the value oi a + fi 
± 180°, which as already shown will be the bearing 
of BO. Then go to 0, leaving this vernier clamped 
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at this angle, direct back to B by unclamping the 
lower plate, see that the vernier reading is unaltered, 
unclamp the upper plate and direct to D, then read 
off the bearing of CD, again on the opposite vernier, 
that is, on the one first used. 

Comparison of Methods. — ^The method last de- 
scribed saves some calculation, and, if bearings are 
taken from magnetic north, it affords a rough direct 
check by means of the compass attached to the in- 
strument. 

If the compass be of the old-fashioned circular 
type, reading from zero to 360", we can read the 
bearing by it at each station, and check with the 
result from the vernier. But if it be of the more 
modern box compass type, attached to the lower 
plate and reading only through a small arc on each 
side of zero, we obtain a check at alternate stations 
only. Thus if we bring the needle to zero at A (fig. 
58), at B the north end will be pointing south and we 
can take no reading. But at G it should come back 
to zero after we unclamp the lower plate and direct 
back to B. 

The disadvantage of the method is that we cannot 
double the angles by repetition (p. 66) as a check. 
Then, if on directing back to B from C as already de- 
scribed, we check the reading of the vernier and find 
that it does not agree with the bearing of BG as 
booked at B, the discrepancy may be due to any of 
the following causes : — 

1. An incorrect reading or incorrect booking at 
B. 

2. A slip of the clamping screw while moving the 
instrument from B to G. 
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3. The use of the wrong tangent screw in directing 
back from C to B. 

It is usual to assume that the error is due to one 
of the last two causes, and to reset the vernier to 
read the angle booked at B, and again direct on to 
B with the lower screw. But such an assumption 
is evidently unsafe, unless the angles at each station 
are read and checked with very great care. 

Prismatic Compass Traverse. — The prismatic 
compass (fig. 59) consists of a small bar magnet, 
balanced on a pivot 
at its centre, and 
carrying a gradu- 
ated ring or disc 
which turns with 
it. The zero of the 
ring is at the south 
end of the needle, 
and the graduations 
go thence clockwise 
(through west) 
round to 360°. The 
whole is carried 
in a circular box 
which can be aimed 
along the line whose bearing is required by means of 
two sighting vanes at opposite extremities of a dia- 
meter. The eye is then lowered slightly so as to look 
into the prism attached to the instrument. The 
graduations on the ring will then be seen magnified, 
by reflection, and we read the one which appears to 
be in line with the hair of the forward sighting 
vane. 




Fig. 59. 
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Thus when looking due north, the bearing should 
be zero. But the eye will be at the south end of the 
needle (as we are aiming north), hence the bear- 
ing will be read at the south end, where the eye is 
situated. This explains why the graduations start 
from zero at the south end. 

Attached to the forward vane there is usually a 
small reflector of blackened glass which can be set 
to any angle and used for observing, by reflection, 




Fig. 60. 

any object (either celestial or terrestrial) which is 
either too high or too low to be observed directly 
through the ordinary sights. 

The prismatic reflector through which the readings 
are taken can be raised or lowered so as to focus the 
graduations distinctly, and on the opposite side is a 
small brake, which is pressed to check excessive 
swinging of the needle. 

The Grubb Sight. — In fig. 60 is shown the instru- 
ment as made by Mr. J. Hicks of Hatton Garden, 
London, with the Grubb semi-transparent sight. 
With this arrangement we look into the instrument 
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and see the graduated scale, as it were, superimposed 
on the object whose bearing is required, and we read 
the bearing without the use of any sighting hair or 
vane. Particulars can be obtained from the makers. 
The same form of sight is applied to the clinometer, 
optical square, hand level, and sextant. 

Method of Use^ — With the prismatic compass, all 
bearings should be read forwards and backwards. 

The two values for each line should differ by 180". 
If they do so nearly, the back beariog is increased or 
diminished by 180°, and the mean between this 
result and the forward bearing is taken. 

This enables any local attraction of the needle at 
any station to be discovered. Thus suppose it be 
found that the back bearing of BC (in other words, 
the bearing of CB), after correction by 180°, is 3° 
greater than that of BC. Then, unless an error of 
reading or booking has been made, there is a local 
attraction of 3° at B or C. Now if the back bearing 
of AB agrees with its forward bearing, the error is 
not at B. If the back bearing of CD is 3° too small 
as compared with the forward, then there is local 
attraction at C. But if the back bearing of CD agrees 
with the forward, then there was probably a wrong 
reading. 

Problems in Traversing. -^Many problems arise in con- 
nexion with traverse surveys, which can be solved by the use 
of the following rules : — 

(a) To find the back bearing of a line, given its forward 
bearing. 

Rule : The back bearing = forward bearing + ISO*'. 

Example: If the bearing of AB be 126° 12', what is the 
bearing of BA? Answer: 126° 12' + 180° = 305° 12'. 

6 
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(b) To find the angle between two lines whose bearings are 
given. 

Rule : Express both bearings as if measured from the point 
where the lines meet. Then the difference between them will 
give the clockwise angle from the line with the smaller bearing. 

Example : In fig. 61 if the bearing of AB = 65° 12', and 
that of CD = 112° 47', find the angle DEA. 






Fig. 61. 

Bearing of AE = 66° 12'. 

„ ,, EA = 245° 12' ] both measured 

and „ „ ED = 112° 47' I from E. 

angle DEA = 132° 25' clockwise. 

(c) To find the bearing of a line given the co-ordinates of its 
ends. 

Rule : Find the departure = difference between the East or 
X co-ordinates ; and the diff. of lat. = difference between the 
north co-ordinates. Then tangent of reduced bearing 

departure 
"^ diff. of lat. 

This gives the R.B. Then plot the points roughly (not to 
scale) on a diagram from the co-ordinates and see in which 
quadrant the line lies (see p. 71) and accordingly deduce the 
whole circle bearing. 

Example : The co-ordinates of A and B are as follows : — 



Point. 


N. 


E. 


A 
B 


673-4 

771-8 


1219-4 
276-3 
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Find the bearing of AB. 

Departure = 1319-4 
Difif. of Lat. = 771-8 
943-1 



.-. tan R.B. = 



98-4 



- 276-3 = 943-1 

- 673-4 = 98-4 

.-. R.B. = 84° 2' 36" 




Fig. 62. 



And evidently B is N.W. of A, as its 
north co-ordinate is greater than that 
of A, but its east co-ordinate is less. 
Hence AB lies in the fourth quadrant, 
and evidently (fig. 62) the W.C.B. 
= 360° - R.B. = 276° 57' 24". If the 
bearing of BA was required, the car- 
dinal points would have been S.E., and 
W.C.B. = 180° - R.B. = 96° 67' 24". 

(d) To find the length of a line given the co-ordinates of its 
ends. 

First Rule : Find the reduced bearing as above. 
Then length =: departure x cosec. R.B. 
or length = difif. of lat. x sec. R.B. 
Use the first or second of these according to whether the de- 
parture or the difif. of lat. is the greater. 

Second Rule : Length = ^(departure)^ + (difif. of lat.)^. 
This is perhaps quicker if only the length is required. 
Example : Find the length of AB in the last example. 
By rule 1, length = 943-1 cosec. 84° 2' 36" == 948-2. 
By rule 2, „ = ^USV -f (98-4)« = 948-2. 

(e) Given the bearings of AB and BG (fig. 63) and 
the co-ordinates of A and C, it is required to find 
the lengths of AB and BG. 

First Rule : Find the length and bearing of AG 
as above, then find the angles GAB, ABG, and BGA 
from the bearings as in (6) above. Then solve 
the triangle ABG from one side and three angles. 

Second Rule : Get the reduced i bearings (say a 
and fi respectively), and cardinal points of AB and 
BG. Then let x = length of AB, y = length of 
BC. 

Then x cos a = difif. of lat. A to B 
and y COB fi = ,, ,, B to C. 
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Either of these is to be reckoned minus if the first cardinal 
point for that line is south. 

Then the sum of these must give the total northing from A 
toC. 

Hence x cos o + y cos /B = N. co-ord. of C - N. co-ord. of A. 

Similarly jc sin o + y sin i3 = E. co-ord. of C - E. co-ord. of A. 

The latter equation is obtained from the departures, and 

either of the terms on the left is negative if the second cardinal 

point for that line is W. 

Example : Bearing : AB = 29° 12' ; BC = 327° 61' 
Co-ordinates : A = N. zero ; E. 200-0 
C = N. 1716 ; E. 27-0. 
R.B, of AB = 29° 12' N.E. ; R.B. of BC = 32° 9' N.W. 
.'. Both diffs. of lat. are positive, but the deparluie is nega- 
tive for BC, as the second cardinal point is W. 
.•. if jc = length of AB, y = length of BC 

X cos 29° 12' + y cos 32° 9' = 1716 - = 1716 
X sin 29° 12' - y sin 32° 9' = 27 - 200 = - 173. 
Solving simultaneously, x = 970*1 ; y = 1026*6 

Accurate Traverses. — Such cases arise particu- 
larly in ranging railway and other curves round hill- 
sides, and in tunnelling work, especially for sewers 
or tube railways in towns. In these cases it is 
often impossible to close the traverses conveniently, 
and generally very high accuracy is required in 
order that tunnelling may be started at more than 
one point, and that the different tunnels may meet 
properly. 

Great care must therefore be taken to centre exactly 
over the station, to observe to the bottom of the 
signal (which should be an arrow held carefully in 
position whilst being observed), or, if this be impos- 
sible, the signal should be carefully ** plumbed" 
before being observed. Two or three " repetitions " 
of each angle should be taken, and both verniers 
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should be read in each case. If there is nmch dif- 
ference of level the angles should also be read with 
both " faces " of the instrument, as will be described 
later (p. 161), and the final mean taken. 

The distances should be measured with a steel 
tape, the length of which, at a known temperature 
and under a known tension, should be found by 
comparison with a standard immediately before be- 
ginning the survey. In use, it is desirable that the 
same tension should be applied, and the temperature 
should be taken. The tape should be laid flat, both 
during standardization and in use. 

Many methods have been adopted for applying 
the tension, and for transferring the end of the tape 
to the ground. Unless the lengths are very great 
it is sufficient to apply the tension by a spring bal- 
ance, a loop of strong string, AGB, being attached to 
the handle as shown. The spring balance is hooked 
into the string at G, so that the handle can be pressed 
down flat. The writer generally uses an old chisel, 
with its back held vertically against the handle 
between A and B, to transfer the end to 
the ground, arrows being hardly accurate 
enough. Once the chisel is in position, 
the method of marking depends upon 
whether the marking is to be done on a 
wooden peg, or to be ruled say on a p ai 
stone pavement, but it is to be remem- 
bered that the back of the chisel marks the end of the 
chain. 

If a line be ruled close up against it with a fine 
pencil, the front of this line is the mark. 

Correction for Slope. — If there is any slope, the 
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level should be taken at each mark, and a correction 
for slope applied. 

Let L be the nominal length 
of the chain, and h be the rise 
P or fall in any chain length, both 

in feet, h supposed small in 
comparison with L. 

Then for one chain along the slope, the correct 
horizontal distance will be ^L^ - K^ = (L^ - h?)i. 

This can be written L ^ 1 - ( t^ ) [ and, as the 



I' - a)T 



fraction j- is small, if we expand by the binomial 

theorem, we obtain L i 1 - | \j) V = L - — • 

Thus as the measured length is L, the correction 
on that chain will be - ctt. 

If L = 100 feet, the value of this fraction for each 
chain length is easily calculated from the known 
value of hf by the aid of a table of squares, and 
tabulated. The results are then summed, and sub- 
tracted from the apparent measured length. In 
computing these corrections, any slight variation in 
the length of L, from standard or nominal length, 
may be neglected. 

Other Corrections. — To correct for an error in 
the length of tape. Let L = nominal length, 
say 100 feet, I = actual length at temperature and 
tension used in comparison with standard. Then 
the correction per chain is Z - L. This will be pltcs 
or minus according to whether I is greater or less 
than L. It is multiplied by the number of measured 
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chains, and then added or subtracted according to 
sign. 

To correct for temperature, let t^ =» tempera- 
ture at time of standardization, ^2 = temperature in 
use, both in Centigrade degrees. Then correction per 
chain = 0000012L (^^j - t^). This will be plus or 
minus as before, and is to be multiplied by the 
number of measured chains, and added or subtracted 
according to sign. 0000012 is taken as the coefficient 
of linear expansion of the steel. If the temperatures 




are in the Fahrenheit scale, the formula becomes 
0-000007L («2 - t^). 

Work to be Done at Night. — The work should 
be done at night as far as possible, both to avoid 
interference by traffic and to ensure more steady 
atmospheric conditions. 

Areas from Co-ordinates. — If a traverse be closed, 
the areas within the lines may be found from the 
co-ordinates as follows : referring to fig. 66, it is evi- 
dent that the area of ABCD = AadD + DdcG -f GcbB 
- BbaA. 
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Now area of AadD = ^ad x (Aa + Dd) 

= i{Od - Oa) (Aa + Dd) 

and similar formulaB may be made up for the other 
figures. 

Therefore area ABCD 
=^i{{Od- Oa) {Aa + Dd) + (Oc - Od) (Cc + Dd) 
+ (06 - Oc) {Bb + Cc)- (06 - Oa) (Aa + Bb) } 
= i {Od (Aa - Cc) + Oa (B6 - Dd) + 06 (Gc - Aa) 
+ Oc{Dd-Bb)} 

by multiplying out and cancelling like terms. 

This rule can be put into words as follows : — 

Take each east co-ordinate in turn, and multiply 
it by the difference between the north co-ordinates of 
the two adjacent points, one on each side. Then sum 
the results and divide by two. 

The differences between the north co-ordinates must 
be taken always in the same order. Thus suppose 
we begin with the east co-ordinate of B, namely 
06. 

This is to be multiplied by the difference between 
the north co-ordinates of A and C. But this differ- 
ence may be taken as Aa - Cc, or Cc - Aa. It is 
usual to take the first difference in such an order as 
to make the result positive, but once this is settled 
all other differences must be taken in the same order, 
whether the results are plus or minus, and the sign 
must, of course, be attended to. 

Thus if we take Cc - Aa, then for Oc we must take 
Dd - B6, and for Od we must take Aa - Cc, and 
so on. If the final result is negative, simply alter 
the sign to plus. 
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Example. — 



Point. 


A. 


B. 


C. 


D. 


N. 


200 


312 


681 


876 


E. 


200 


962 


719 


287 



Find the area within the lines. 



Point. 


E. 

Co-ordinate. 


AcUacent N. 


Difference. 


Product. 


+ 


- 


A 
B 
C 
D 


200 
962 
719 

287 


876^ 
312 J 
200\ 
681/ 
312 \ 
876/ 
6811 
• 200/ 


+ 664 
-481 
-564 

+ 481 


112,800 
138,047 


472,722 
406,616 




260,847 

+ 

2) 
Ans. 


878,238 
260,847 


627,391 


313,696 













The answer will be in square feet or square links, 
according to the units. 

It will be evident that with a four- sided figure the 
actual calculation can be shortened, but it has been 
worked out as if for a greater number of sides. 

The area between the lines and the boundaries can 
be found from the field book as described on p. 55. 
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EXERCISES FOR REVISION. 

1. Why do we plot a traverse by co-ordinates rather than 
by scale and protractor ? Given the bearing of the first line 
and all the included angles and lengths, give the rules for cal- 
culating the co-ordinates. 

2. The bearing of a line AB is 172° 30' E. of N. The clock- 
mse angle ABC is 328° 47', and the length of BC is 178-5 feet. 
The co-ordinates of B, in feet, are 2020 N., and 198-6 E. Find 
{a) the bearing of BC ; (6) the difference of latitude and depar- 
ture B to C ; (c) the co-ordinates of C. 

3. Calculate the co-ordinates for the six-sided figure shown in 
fig. 67. 



•sA-^^i 




Take the bearing of AB as 80° 0', and the co-ordinates of A 
as zero. 

4. Calculate the area in acres, etc., within the traverse lines 
from the co-ordinates, all lengths being in links (Gunter*s). 

5. In the table of co-ordinates on p. 89 find the lengths and 
bearings of AB and BD, and the clockwise angle ABD. 

6. Solve the following example, referring to fig. 68. 

A, B, C, D are four points in a town (fixed on the ground 
and all invisible from one another) through which the centre 
line of a storm water sewer (to be laid by tunnelling) is to pass 
in plan. 

The sewer is to run straight from A to B and from D to C, 
and these straight portions are to be connected by a curve EF 
as shown. 

It is desired to sink a shaft at one end of the curve, and it 
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is found, by means of a rough plan, that a radius of 600 feet 
will bring the end E on to some vaciuit ground, and that E will 
be invisible from C, but visible from a point G, 100 feet from C 
along CL. 

A traverse is run along the roads, and the angles and dis- 
tances shown are obtained. 

Taking A as the origin of co-ordinates, and the bearing of 
AH as zero (and working to one decimal of a foot and to the 
nearest minute only), you are required to calculate : — 




Fig. 68. 

(a) The co-ordinates of all points except G, E, F, and Z. 
(6) The bearings of AB and DC. 

(c) The angles HAB, NDG, and GZB (required for setting 
out the directions of AB and DG), and the distances AB, DG. 
{d) The distances BZ and GZ. 

(e) The tangent distance ZF or ZE, and the distances 
BF and GE. 

(f) The co-ordinates of G and E, and the bearing of GE. 

(g) The angle GGE and the distance GE (required for fixing 
the position of E). (London B.So. Eng. Exam.) 
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CHAPTER III. 
LEVELLING AND CONTOURING. 

General Procedure. — In determining the relative 
levels of points on the earth in surveying, it is usual 
to imagine a horizontal or level surface, usually 
chosen so as to be at a lower level than the points 
being dealt with. This is called the daturriy or for 
small areas, the datum plane. The levels of the 
various points are then expressed by stating their 
heights above this datum. 

These heights above the datum are called the 
reduced levels of the points. 

In Great Britain the datum chosen for the levels 
of the Ordnance Survey is a level surface passing 
through a mark on the base of a lighthouse at the 
mouth of the Mersey, giving the mean level of the 
sea during a certain period. 

In Ireland there is a similar mark on a lighthouse 
at the mouth of the Liffey. 

Thus all reduced levels marked on the ordnance 
maps are above mean sea level, so far as the latter 
can be easily determined. In this country levels 
are usually stated in feet. 

Eeduced levels are shown in various ways, for ex- 
ample : — 

(a) By spot levels (fig. 69). The reduced levels 
(92) 
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of the points are marked on the plan in figures. 
Thus in fig. 69 A is higher than B by 30-9 feet, and 
the datum is lower than B by 71*8 feet. 



. !=>" ^"' T 

r99.2 1 I \ . 

^/05.7 . I \ \ 



\ ^ 



\ 
8 7- A 



l/oy.^ q^^oz^s '^^^ 



V 9-9^0 



Fio. 69. 

Examples of spot levels will be found along roads, 
etc., on, for instance, the 25-inch ordnance maps of 
England. 

i9o 




(b) By contours. In fig. 70 the same portion of a 
valley is shown as in fig. 69. Contours are lines 
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drawn through all points on the surface whose levels 
are the same, and they are generally drawn to show 
all points at some round number of feet above the 
datum. In fig. 70 they are drawn for every ten feet 
from 50 to 100, the levels being written at the end 
of each contour. The students should compare fig. 
69 and fig. 70 to see that they agree. Thus all 
points on ODE are at a level of 70 feet above datum. 
Examples of contours are shown, for instance, on the 
6-inch ordnance maps of England. 

(c) By sections. In drawing a section the sur- 
face of the earth is 
supposed to be cut 
vertically along some 
definite line (straight 
or curved), and the 
reduced levels are 
shown for the points 
along that line only. 
Fig. 71 is a section 
along the line ABG of 
fig. 69 or 70. The hori- 
zontal distances are the 
^^^- '^^' same as on the plan 

(thus ag is the same length as AG in fig. 69). The 
line dbg represents the datum plane, and the heights 
aA, etc., represent the reduced levels on some definite 
scale. 

Usually in drawing sections the ** vertical scale" 
(that is the scale of reduced levels) is greater than 
the horizontal. Thus with a horizontal scale of 1 
chain to 1 inch, or 100 feet to 1 inch, we often use 
a vertical scale of 10 feet to 1 inch. 
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Also, if all the reduced levels are high, we gener- 
ally plot a section not from datum, but from a plane 
parallel to datum and some round number of feet 
above it. Thus in fig. 71, we might have started 
with the line cde 50 feet above datum. Then sub- 
tract 50 from each reduced level. This enables a 
bigger vertical scale to be used. 

If the line along which the section is drawn is 
curved in plan the section is drawn as if the line 
were stretched out straight, so that its length is equal 
to the whole length of the curved line. 

The Level. — ^The instrument most commonly used 
for determining levels is the Dumpy level (fig. 72). 



h "" i l IP 

O T 

M 'I b 



be 



Fig. 72. 




It consists, as will be evident, of a telescope T above 
which is a spirit level L. This enables the telescope 
to be brought truly horizontal by means of the plate 
screws P underneath. 

Just inside the eyepiece E of the telescope is the 
diaphragm (fig. 73), supported by the diaphragm 
screws D, by which it can be raised or lowered. 

It consists of a ring of metal across which are 
stretched three fine threads — usually spider's webs — 
as shown in fig. 73. The thread ab is truly horizontal, 
and if all points on it be joined to the optical centre 
of the object glass (0, fig. 72) and the rays so drawn 
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be produced outwards, they will all lie in one plane, 
which is called the plane of colUmation. 

The Staff- — The level is used in combination with 
a levelling stafif (fig. 74), graduated from the bottom 
upwards. The form shown is known as the Hop- 
with stafif and is the most generally used. But many 
other systems of graduation are in vogue, particulars 
of which can be obtained from the makers. In the 
opinion of the writer one system of graduation is just 
about as good as another. The common lengths of 
stafif are from 10 to 14 feet. 

Taking Levels.— Let ABODE (fig. 75) represent 





Fig. 74. 



FiQ. 75. 



a section of the ground to be levelled. The level is 
set up at X, preferably on one side of the line, and 
levelled by the plate screws in two directions. The 
method of doing this is the same as for the theodolite 
(p. 66). 

The plane of collimation then becomes horizontal, 
and is represented by abcde in fig. 75. 

The stafif is then held at each of the points A, B,. 
etc., in turn, the diaphragm webs are focussed as 
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described for the theodolite (p. 65)) and on looking at 
the staff and focussing it with the focussing screw, 
we see an inverted image of the staff, and we can 
read the division at which the staff appears to be 
intersected by the horizontal hair. 

The readings supposed to be obtained are entered 
on the diagram. As the staff is graduated from the 
bottom upwards, these readings tell how far the 
various points are below the horizontal plane abcde 
of oollimation, or conversely, how far the latter is 
above each point. 

Thus it is evident that if the reduced level of any 
one point (say A) be known, the rest can be calcu- 
lated from the readings. 

On arriving at B, the staff cannot be carried to F 
without going above the coUimation plane, so that it 
would be invisible. Hence, to carry on the levels, 
we keep the staff at E, carry the level on to a 
new position Y, and take a second reading (a hack- 
sight) on the staff at E. This enables us to carry on 
from E to O, and so on. 

The first reading from any one position of the level 
is called a backsight. The last is called a foresight 
and the rest are intermediates. 

The horizontal distances between the points are 
measured while the work proceeds, either by step- 
ping or by making the hypotenusal allowance (p. 34) 
if the slope is sufficient. 

Bench Marks. — Levels in engineering practice are 
generally taken for the purpose of some proposed 
work. In carrying out this work, all points lying 
on the line of the original section will probably 
be either excavated or covered over. Hence it is 
7 
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obviously desirable to have some fixed points, at 
intervals, near but not on the site of the proposed 
work. The reduced levels of these points being 
known, they can be used as points of reference for 
levels during the progress of the work. Such points 
are called bench marks. They may be chosen in any 
convenient positions such as comers of door- steps, 
etc., the essential points being that they must not be 
liable to change in level, and that their position must 
be capable of being described so that they can be 
identified with certainty. It is usual for the levelling 
to begin at a bench mark, and frequently the datum 
is taken some round number of units below this. 
The chainage of distances, of course, begins at the 
commencement of the section. 

In the ordnance survey of England the bench 
marks were specially cut — usually in the sides of 
buildings, etc. — in the shape of a broad arrow (fig. 
76), and their levels above ordnance datum are stated 
on the maps. 

The figure given on the map refers to the level of 
the horizontal line. 

In engineering work bench marks should not be 
more than about half a mile apart, or less 
if the slope is steep. Ordnance bench 
marks should be chosen when possible. 

Fig. 76. ^^ ^j^^jj. ^nown levels give an inde- 
pendent check on the accuracy of the work. 

Checking the Work, — When the section is com- 
pleted, the work is checked by levelling back to the 
starting-point, doing no chaining, not necessarily 
following the same route, and taking backsights and 
foresights only. The reduced level at the end should 
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then come back to the original figure, or nearly 
so. 

These levels are marked, in the remarks column of 
the book, as "check levels," to show why they were 
taken. No use is made of them in plotting. 

Turning Points. — A point such as E (fig. 75) at 
which the stafif is held while the level is carried 
forward is called a ** turning point,'* " change point," 
or " change sight point ". Turning points may be 
at definite points on the section, as in this case, but 
in town surveying, for instance, where the levels are 
required say along the centre line of a road for a 
sewerage scheme, such points would be inconvenient 
positions in which to hold a staff whilst the level is 
moved and adjusted at a new station. Hence it is 
better, when all the required readings have been 
taken from any position of the instrument, to send 
the staff-holder to some quiet spot off the line, giving 
him a pre-arranged signal to show that you require 
a foresight reading, when he must be trained to look 
for a suitable spot where he will not be interfered 
with by traffic (if also suitable for a bench mark so 
much the better) and the staff is held there. The 
foresight and backsight are entered as usual, the 
distance column is left blank, and the letters T.P. 
(for turning point) entered in the remarks column, 
to show why the readings were taken. If used for a 
bench mark, add "B.M. on N.E. corner of door- 
step," or other description. 

Methods of Booking. — Beturning now to fig. 77, 
which is a reproduction of fig. 75, we will assume 
that the first reading (not shown on the fig.) was 
0'84 on a B.M., that the horizontal distances from 
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point to point are each one chain, and that, after the 
reading at G, a foresight and backsight (of '76 and 
12*84 respectively) were taken on a turning point 
not shown in the figure. 





J k 


a % c .d. 


liJo 


8 

i 


H 




V 


V 



Fig. 77. 

We will choose our datum plane 20 feet below 
the first bench mark, so that the reduced level of the 
latter is 2000. 

Then the readings are booked and worked out as 
follows : — 



Back- 
sight. 


Inter- 
mediate. 


Fore- 
sight. 


CoUima- 

tion 

Level. 


Reduced 
Level. 


Dis- 
tance. 


Eeraarks. 


•84 

12-68 

12-84 

•94 


6-82 

9-64 

12-18 

11-76 

9-23 
2-80 

7-61 


2-01 

-76 

13-63 
10-88 


20-84 

31-61 
43-69 
30-90 


20-00 

16-02 
11-20 

8-66 

9-09 
18-83 
22-28 
28-71 
30-76 
36-08 

29-96\ . 
20-02/ 


0-00 
1-00 
2-00 
3-00 
•400 
6-00 
6-00 

7-00 


B.M. on post 

near A. 
Pt. A on plan. 

T.P. 
Pt. H. 

\ Check levels. 
/Pt.A. 


27-30 




27-28 











Digitized 



by Google 



LEVELLING ANB CONTOIJRING 101 

In this system of booking, t&e lieading^* cbllimation 
level '* is sometimes replaced by the words, ** height 
of instrument," or the letters H.P.C., meaning 
** height of the plane of collimation ". In any case, 
the column gives the reduced level of the plane of 
collimation, abed. It is evident that if a reading be 
taken on a point whose reduced level is known, we 
must add the reading to the known reduced level, to 
get the collimation level. Conversely, knowing the 
collimation level we must subtract the reading to 
get the reduced level. Hence we add the backsight 
0-84, to the level of B.M. (20-00) to get the first 
collimation level (20*84), that is, the level of the plane 
a^bcd. Then the successive readings from that posi- 
tion of instrument are subtracted from this to get 
the various reduced levels, finishing with the fore- 
sight (2-01) which gives the reduced level (18-83) of 
the first turning-point. Then add the new backsight 
(12-68) to this to get the new collimation level, and 
so on, adding backsights and subtracting all other 
readings. 

We work back to 20-02 at the end, showing an error 
of 002 foot, which would generally be of no impor- 
tance. 

To check the arithmetic, we add up the backsights 
and add up the foresights. The difference between 
the results should agree with the difference between 
the first and last reduced levels. In this case 27-30 
- 27-28 = 0-02, as before. 

In the table below, the same readings are entered, 
but worked out by the " rise and fall *' method. 
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Back- 
sight. 


Inter- 
mediate. 


Fore- 
sight. 


Rise. 


PaU. 


Reduced 
Level. 


Difu 
tance. 


Remarks. 


1 

•84 










20-00 


B.M. 




6-82 






4-98 


1602 


0-0 


Pt. A. 


1 


9-64 






3-82 


11-20 


1-0 






12-18 






2-64 


8-66 


20 






11-76 




0-43 


1 9-09 


3-0 




12-68 




2-01 


9-74 


, 18-83 


4-0 






9-23 




3-46 


i 22-28 


60 






2-80 




6-43 




28-71 


6-0 




12-84 




•76 


2-04 




30-76 


— 


T.P. 






761 
10-28 


6-88 




36-08 


70 


Pt. H. 


26-36 


20-00 


10-28 




























16-08 






16-08 
















=== 

















In this case, the check levels have been omitted, 
and the reading at H is regarded as the last. It will 
be obvious from the figure that, if any two readings 
be taken with one position of the level, the difference 
between them will tell the rise or fall between the 
corresponding points. If the second reading is the 
greater, there has been a /aW, and vice versa. Thus 
5-82 - 0-84 = 4-98, gives the fall from the B.M. to 
pt, A ; 9-64 - 5-82, gives the fall from A to 1-00, and 
so on down to 11-75 - 201 = 9*74, which is the 
rise from 3*0 to 4*0 (a rise because the second read- 
ing is less than the first). 

Then the level is moved, and the rise from 4*0 to 
50 is found by subtracting 9'23 from 12-68, and so 
on. The reduced levels are then worked out by 
adding rises and subtracting falls from point to point, 
as shown in the table. 

The arithmetical check is shown in the table by 
the same rule as before. 
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Comparison of Methods. — ^When there are many 
intermediates, the rise and fall method involves more 
arithmetic, as two distinct operations are required for 
each reduced level. But the advantage of it is that, 
as each reduced level is obtained from the one above, 
any arithmetical error anywhere will be carried for- 
ward, and will be detected in the check at the end. 
Whereas, by the collimation level method, each in- 
termediate point is worked out independently, so 
that an arithmetical error in one of these might 
escape detection. 

The writer personally thinks that the rise and fall 
method is preferable for those who are pretty accurate 
arithmeticians, and who will seldom, in consequence, 
find it necessary to do their calculations twice over, 
because it supplies a security against occasional 
errors. 

But if the calculations have, as a rule, to be re- 
peated, this repetition is in itself a check, and it is 
doubtful if the extra labour involved in the rise and 
fall method is then justifiable. 

From Page to Page^ — The arithmetical check 
should be shown on each page of the book, as in the 
examples. If the last reading on a page is an in- 
termediate, enter it nevertheless in the foresight 
column. 

Then carry this same reading forward to the 
backsight column to begin the new page. Carry 
forward also its reduced level, and write " brought 
forward " in the remarks column. Then proceed as 
before. 

If the last point on the page is a turning-point, 
enter the foresight only on that page. Work out 
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the reduced level and carry it alone forward, but 
write the new backsight on the new page, in the 
backsight column, and opposite the reduced level 
which has been carried forward. Thus each page 
begins with a backsight and ends with a foresight. 

Choosing Positions of Level. — The point in choos- 
ing the position for the instrument is that one should 
be able to read the backsight, and then as far as pos- 
sible along the line of the section. Experience will 
best enable one to accomplish this, but the beginner 
should make sure that he can read at least the back- 
sight before finally levelling up in the position 
chosen. To do this, lift one leg of the tripod off the 
ground, and, by moving it about, both the main level 
and the small cross level can be brought fairly central, 
then press that leg down, by a turning action, with- 
out moving the instrument at all scarcely. Then 
take aim at the stafi^ over the top of the telescope, 
bring the bubble central by that pair of opposite 
plate screws which most nearly agree with the 
direction of the telescope, and then look through to 
see if the staff is visible. If we are too high or too 
low we must move accordingly. If the reading is 
about right — say within a foot or eighteen inches of 
the top or^bottom of the stafi^ as the case may be — 
we press the legs down firmly, and level up per- 
manently, and then read the backsight again. 

The level should be set up so that the sun, if 
shining, will be on the observer's hack as far as pos- 
sible, as it is often difficult to read with the sun 
shining into the telescope. 

Parallax. — If the focussing is properly done, the 
image of the staff will be in absolute coincidence 
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with the hair ah, and no movement of the ob- 
server's eye will cause the reading to vary. 

But if not the hair may be at a, as shown in sec- 
tion in fig. 78, while KL is the image of the staff, 
which, of course, is formed by the object glass, in- 
side the telescope. 

If now the eye of the observer (which is looking 
at this image through the eyepiece) be moved up 
and down, say from M to N, it is evident that the 
hair will appear to move up and down the image, 
through a short distance, as shown by the dotted 
lines. 



C B D 



M 

Fig. 78. 

This faulty adjustment is called Parallax; it 
must be tested for by moving the eye, and, if the 
hair appears to move, touching the focussing screw 
till all movement ceases. This has the effect of 
altering the relative positions of the hair and image, 
so us to bring them into coincidence. 

Of course this assumes that the eyepiece has pre- 
viously been adjusted to give the best view" of the 
hairs (see p. 65). 

Verticality of Staff.— It is obviously necessary 
that the staff should be held vertically, especially if 
the reading be at all near the top. 

Thus if a staff be held at A (fig. 79) its proper 
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direction is AB. But if it be held in the position 
of AC or AD, and if CBD be the plane of collima- 
tion, then the reading obtained will be represented 
by AC or AD as the case may be. Now let a = angle 
from vertical. Then AD = AB sec a. Hence 
the error in the reading = AD - AB = AB (sec a - 
1), and therefore increases proportionally to AB. 

To enable the staff-holder to see if the staff is 
vertical, many devices have been used, of which the 
most common are the plumb-bob AB (fig. 80), sus- 
pended at the back of the staff, so that when the 
latter is vertical the bob hangs directly over an 
index mark on a bracket D, or one or more spirit 
levels, C, attached to the side of the staff, so that 
they are central when the staff is vertical. 
If the staff is not fitted with these, or 
if the staff-holder cannot be depended 
upon, the surveyor should send a special 
signal, indicating that the staff-holder is 
to wave the staff slowly backwards and 
forwards. On receiving this signal, the 



Bi. 



D 

^ staff-holder must take one short step 

backtvardSy slope the staff back to his 

body, then slowly forwards, almost to arm's length, 

to ensure that it goes to each side of the vertical. 

The surveyor then takes the lowest reading, which 
will correspond with the vertical staff AB (fig. 79). 

Any side slope of the staff can be detected by the 
two vertical hairs in the diaphragm, and the observer 
gives a special signal to show which way it is to be 
moved. 

The staff-holder should be trained to stand with 
one foot on each side of the staff, toes touching the 
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sides of the staff, the back of the staff resting against 
his chest or abdomen, and one hand on each side of 
the staff, hands open and palms firmly pressed 
against the side of the stafi^ elbows down and pressed 
against the body for steadiness. It is obvious that, 
from this position, he must step back before waving 
the staff. 

Care at Turning-points. — For ordinary work it 
is sufficient to read intermediate sights to the nearest 
tenth of a foot. But backsights and foresights should 
be read to the nearest hundredth, as any error in these 
readings is carried forward and affects the whole of 
the rest of the survey. 

Hence special care must be taken at turning-points 
to see that the bubble is central (if not, bring it 
central with the nearest plate screws before reading) 
to ensure that the staff is vertical, and soon. Hence 
it is always well to send the staff- holder a prearranged 
signal to let him know when a reading is to be a 
foresight. This not only puts him on the qui vive, 
but intimates that he must make sure that his staff 
is on solid ground. Metal base plates can be ob- 
tained (the suitable shape can be seen in the cata- 
logues of most makers) for him to place on the ground 
and ram down to rest the staff on in soft ground. 

Finished Sections. — When the section is completed, as- 
suming that it is intended for a road or railway, the proposed 
work may involve excavation and embankment. 

The proposed gradients AC, CB (fig. 81) are chosen in accord- 
ance with engineering principles which would be out of place here, 
and are usually shown by two red lines, the upper one denoting 
the finished surface line, while the lower is the ** formation " line, 
being the line to which the ground is to be levelled off to receive 
the ballast, broken stone, or whatever it may be, of which the 
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Level Book fob Fig. 81. 
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permanent way is to be formed. Thus the formation line repre- 
sents the line to which the top of the embankments or bottom 
of cuttings must be brought, and its distance below the finished 
surface line is equal to the total thickness of material of which 
the way is to formed. 

In road and railway work absolutely uniform gradients are 
relatively unimportant, and the formation levels and depth 
of earthwork are often simply measured from the drawing. 
But in sewer work, for instance, it is important that the gradients 
should be exactly uniform from point to point, and> to ensure 
this, the level of the *• invert " of the sewer (on the bottom of 
th3 trench) should be calculated at all intermediate points. 
The depth of trench at each point is then found by subtracting 
the figure so found from the reduced level of the ground at the 
same point. 

As an example of this calculation, we will work out the for- 
mation levels and depths of earthwork for the section shown in 
fig. 81. 

It is assumed that the finished surface is level with the 
ground at A and B, that the depth from finished surface to for- 
mation is 1*75 feet, and that at the point C where the chainage 
is 6 chains, the formation level has been chosen as 18-00. 
Then working from C to B we have : — 

Formation level at = 18-00 

Formation level at B = 10-83 - 1-75 = 9-08 



Fall = 8-92 feet. 



Distance = chainage of B - chainage of C 

= 16-36 - 6-00 = 9-36 chains. 
.-. fall per chain = |j^^ = '953 foot. 
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Then starting from 18*00 at C, we must subtract 0*953 foot 
for each chain to find the successive formation levels, thus : — 
F.L. at 6*0 = 18*00 
•953 



,. 7*0 


= 17*047 




*953 


„ 8*0 


= 16*094 




•953 


„ 9*0 


= 15*141 




953 


„ 10*0 


= 14*188 




*953 


„ 11*0 


= 13-236 




•953 


„ 120 


= 12*282 




953 


„ 130 


= 11*329 




953 


„ 140 


= 10*376 




•953 


„ 15*0 


= 9*423 




343 


„ 15*36 


= 9*080 



The 0*343, which is subtracted at the end is the fall for 0*36 
chain. It is found by taking *36 of the fall per chain ; thus 
0*953 X 0-36 = 0-343. The final level, 9^08, checks with the 
formation level previously found at B. 

The depth of earthwork is found at each point by taking the 
difference between the formation and reduced levels. It is cut- 
ting if the latter is the greater, and vice versa. 

The figures from A to G are worked out in the same way, 
and are left as an exercise for the student. To find the forma- 
tion level at the cross roads, the chainage is 13*80. Hence we 
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take fall per chain x 0*30 = 0*953 x 0*3 = 0*286, and subtract 
this from the formation level at 13*00, which is taken from the 
table ; thus 11*329 - 0*286 = 11*043. 

This, like all the others, is written down as 11*04, to the 
nearest hundredth only, but we calculate to three figures to avoid 
accumulated error. 

Calculation of Earthwork.— In calculating the volumes 
of earthwork, many different methods are used. 
' 1 It is necessary to know exactly what the cross-section will 
be in cutting and in embankment. 

For instance in fig. 82 the side slopes are carried down to 



D F 



H C 



D F 





H C 



Fig. 82. 



Fig. 83. 




the formation level AB, and on each side there is a ditch and a 
small earth bank, as shown. It is, perhaps, most usual to 
calculate volumes for the section whose shape is ABCD, in the 
first place, and to allow for the ditches and banks afterwards if 
desired. 

In fig. 83, which is a possible example for a short cutting, 
the slopes are carried down to about the finished surface level, 
and the part below is excavated vertically and filled in again as 
shown. 

In this case, the depths 
used in calculating the vol- 
umes should be taken down 
to the finished surface only, 
the volumes calculated for 
sections like ABCD, and the 
volume of the part below 
worked out separately and 
added. 

Fig. 84 shows a cross -section of an embankment, without 
any earth banks at the sides, or other additions. 




Fig.* 84. 
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The width AB is, in all cases, called the formation width. 

The side slopes are fixed according to the material, in ac- 
cordance with engineering principles. They are expressed as, 
say, 2 to 1, meaning 2 horizontal to 1 vertical. 

Thus with a slope of 2 to 1, CH in fig. 84 would be BH x 
2, or CH : BH : : 2 : 1. 

We will assume that the formation width is 30 feet, both in 
cutting and embankment, and the side slopes 2 to 1 in em- 
bankments and 1^ to 1 in cuttings, and that the side slopes 
are carried to formation level. 

Then to work without tables, we must find an expression for 
the area ABCD. 

Let the depth BH (figs. 82 to 84) ^ h 

AB = 6, and side slopes n to 1. 
Then ABCD = ABHF + 2 x BHC. 

= fexfe + 2xJxBHx HC. 

=^ bh + h X nh, since HC = n x HB. 

= bh + nh\ 

Thus in fig. 85 if B6, Dd and F/ be the depths of a 




pROPoltko FOWM^ HON 

Fig. 85. 



cutting at known points, and if C and E be the middle pomts 
of BD and DF respectively, then to find the volume between 
and E, we must find the area corresponding to the depth Dd, 
and multiply by the length CE. Alternatively, the mean of 
the areas B6 and Dd, multiplied by BD, will give the volume 
from B to D. • 

Both formulae are approximate merely. The second is 
probably rather more accurate. 

Thus suppose \, \ . . . K,, are the depths of cutting at 



known points, Z^ l^ 



l^, the distances between these 



known points ; b the formation width, and side slopes n to 1^ 
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• . +*m-,| 2 +" 2 /• 

If all the distances are eqaal, bo that l^ = 2,, etc., this becomes 
volume 

and the calculations are tabulated as follows, referring to the 
cutting from four chains to seven chains in fig. 81. 



Ohainage. 


Depth. 


Do. X Factor. 


Square 
ofbepth. 


Do. X Factor. 


4-00 
5-00 
600 
7-00 


1-39 
3-96 
3-66 

1'77 


•70 
3-95 
3-66 

• -88 


X-93 
16-60 
13-40 

3-13 


•97 

16-60 

13-40 

1-56 

31-53 
1-6 

31-53 
16-76 

47-29 


9-19 
30 


275-70 
47-30 


323-00 



The first two columns are taken from the section. In the 

third column the first and last depths are halved, and the -rest 

hi 
remain as in column No. 2, because in the formula we have -^ 

+ ^2 + ^^' 

Column No. 4 is filled in from a table of squares, given in 
all poclcet-books and mathematical tables, and in column No. 
5 the first and last of these are halved as before. 

Sum column No. 3, and multiply by the formation width, 6, 
in this case 30 feet. 

Sum column No. 6, and multiply by the ratio, n, of the side 
slopes, in this case 1-5. 

8 
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Then add the results as shown ; this gives 323-00. This 
figure is now multiplied by the distance, Zj, between sections, in 
this case 66 feet or 1 chain. 

.-. volume = 3230 x 66 = 21,318 cubic feet, or 790 cubic 
yards nearly. 

Simpson's rule may be used instead, in which case, however, 
we must have an odd number of depths ; the factors used for 
column 3 and column 5 are 1 for the first and last depths, and 
4 and 2 alternately for the rest, beginning with 4 for the second 

one ; and the multiplier at the end is ^, or 22 feet in this 

case, instead of l^. Otherwise the tabulation is the same as 
with the above formula. 

The table shows the volume from 4 to 7 chains. From the 
section, by measurement, we see that the formation line is in 
cutting from 3*6 chains to 7*8 chains. 

To allow for the volume from 3*6 to 4*0 chains, we take 
the distance (=0*4 chain) multiplied by half the sectional 
area at 4 chains. Thus if d be the outside fractional 
distance, h the height at the known point, volume 

_ d X {hh + nm 
"" 2 

The volume between 7*0 chains and 7*8 chains is allowed 
for in the same way. 

.•. allowance for ends of cutting 

0*4 X 66 -8 X 66 

= — 2 ^^ ^ 1-39 + lJ X 1*93)+— 2— (30 x 1-77 + 1-5 x 3*13) 

= 2115 cubic feet or 78 cubic yards nearly. 

It will be seen that this is equivalent to multiplying the 

first and last lines in the above table by additional factors to 

allow for these extra lengths, this additional factor in each 

d 
case being nr* where d is the outside length to the end of the 

cutting, and I the ordinary distance between points of known 
level. 

Thus we have the rule : if the cutting or embankment ends 
at the points where the levels are known, tabulate as above, 
using 0*5 for the first fbnd last factors : but, if not, let I be the 
uniform distance from point to point, d^ the distance from the 
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commencement of the cutting to the first known pomt, and dn the 
distance from the last known point to the end of the cutting ; 



then the first factor is 



(-^> 



m(i + !|), 



and the last is 0-5 



In our case, I = 1 chain ; d| = 4-0 - 3-6 = 0-4 chain and 

df dfi 

d„ = 7*8 - 7-0 = 0-8 chain .-. ~f =*4 ; T = *^» ^^^^ *^® complete 

tabulation is as follows : — 



Chainage. 


Factor. 


Depth. 


Do. X Factor. 


Square 
of Depth. 


Do. X Factor. 


4-00 
500 
6-00 
7-00 


•7 
1-0 
1-0 

-9 


1-39 
3-96 
3-66 
1-77 


•97 
3-96 
3-66 
1-59 


1-93 
15-60 
13-40 

S-13 


1-36 
15-60 
13-40 

2-82 


10-17 
30 


33-17 
1-6 


305-10 
49-75 


3317 
16-58 

49-75 


354-86 



Here the first factor = (1 + -4) x -5 = -7, and so on. 

The volume = 354-85 x 66 = 23,420 cubic feet. 

By the previous tabulation, volume = 21,318 + 2116 
=n 23,433 cubic feet. 

The discrepancy of 13 cubic feet is due merely to contracted 
arithmetical working. 

Augmented Deptlis Method-— A similar method of 
working by means of the '* augmented depths " is given in 
Bankine's works, and in " Elementary Practical Mathematics " 
by the present writer, but the writer considers it less convenient 
than that given above. 

Earthwork Tables — Assuming that the ground surface is 
quite smooth, and level transversely, it is clear from fig. 86 that 
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the earthwork between any two cross- sections can be divided 
into : (1) a wedge-shaped central portion ABCDEFGH whose 
breadth is everywhere the same, that is, equal to the formation 
width, AD or EH ; the heights at the two ends are equal to the 
depths of earthwork at those points, viz. AB and EF ; (2), the 
portion excavated for the side slopes, namely the figures 
GLDGMH and AEBENF. In these, the breadth GL or GM 
is proportional to the depth, and becomes zero when the depth 
is zero. 




Fig. 86. 

Hence these portions are really truncated pyramids, and the 
formula for the volume of one of them is 

3 (ai + Ja^ + tta), 

where I is the length GG, and a, and a, are the areas of the 

triangles GDL and GHM. 

Now if GD = /ij, and the slopes are n to 1, then CL 

«^ , , . «^^ , CL n . hi^ 

= n X CD = n . fej ; and area of GDL = h^ x -^ = — g"^* 

Similarly area of GHM = '^ ^ , if GH = K. 

I n 
.*. volume = s X ^ (^i''* + \^i + ^2*)» ^or one side only. 

The volume of the wedge-shaped piece is „ x 6 (^i + ^2) I 

hence the two parts must be separately calculated for an exact 
result. 

Many earthwork tables have been calculated from these 
formulae, of which perhaps the best known are Bidder's (pub- 
lished by Vacher & Sons). Full instructions for use are 
printed in the tables. 
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Branch or Cross Roads. — In levelling for roads, 
railways, etc., if the proposed centre line should cross 
an existing work, levels should be taken at the point 
where the centre lines meet, and for some little dis- 
tance along the existing line on each side, if there 
be any appreciable slope in it. 

Thus in the cross roads at 13*3 chains (see the sec- 
tion on p. 107, fig. 81) levels are taken for 1 or 2 chains 
each way. These cannot be shown on the main sec- 
tion, but the readings for them are shown in the field 
book, p. 108. There are many dififerent methods 
of entering the distances in such cases ; in that 
shown, the distance along the cross roads is given 
in the distance column, and the remarks column is 
filled in as shown. Any clear method may be used. 

When the new line is constructed, the two will 
cross one another, either by a level crossing or one 
over the other by a bridge, and this must, of course, 
be borne in mind when choosing the proposed forma- 
tion line. We must either allow room for the bridge, 
or prepare for the level crossing. 

In this case, we will assume that both lines are 

carriage roads, and that there is to be a level crossing ; 

and that the cross 

3 ^O H 



D K 



road is to be raised at 

13*3 chains, to bring 

it up to the same 

level as the proposed 

road. Then in fig. 

87, taking X as the 

centre of cross roads, we plot up the reduced level of 

that point, the same as on the main section, namely 

8*62. Then set off the measured distances left and 



Fig. 87. 
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right, namely 1-00 and 2-00 to left, and 1-00 to right 
(see the level book, p. 108) and then plot up the re- 
duced levels at those points. In this way we obtain 
the section DEF, giving the existing levels along the 
cross road. 

Now set up XG equal to the finished surface 
level at 13-3 (that is, 11*04 + 1-75 = 12*79), and 
set ofif GA and GH, each equal to half the finished 
width of the proposed road. Then the road DEF is 
to be raised to cross over at AGH. It is usual to 
fix some gradient, say 1 in 20, to which it is to be 
brought, and from A and H we must then draw 
lines at the chosen gradient. In doing this, we must 
allow, of course, for the exaggeration of the vertical 
scale. 

Thus to draw a gradient of 1 in 20 from A, we 
must take any two lengths, AB, BC, in the ratio of 
20 to 1, but AB must be set off to the horizontal 
scale, and BG to the vertical scale. In the figure, 
AB = 66 feet to horizontal scale, and BG = |^ = 
3*3 feet to vertical scale. This fixes the finished 
surface KAHL of the cross road after being raised. 

If now we draw a line parallel to this and 1*75 feet 
lower, this will show the formation line, and the 
shaded area shows the earth filling. 

Determining Gradients. — When a line i* drawn, 
as in fig. 81, not at a pre-arranged gradient, it is 
necessary to find what the gradient is. For this 
purpose we must find by measurement or calculation 
the formation levels (or invert levels in the case of 
sewers, etc.) at two points of known distance apart. 

Say the levels are Lj and Lg (L^ being the 
higher), and the distance D, all in feet. 
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D 



Then the gradient is 1 in = ^. 

Thus for CB (fig. 81) gradient = 1 in ^'^^^^^^ 

= 1 in 69-3 as marked on the figure. 

Cross Sections. — Even if there are no cross 
roads, cross sections will be necessary wherever the 
ground has a transverse slope, as this slope will affect 
the volume of earthwork, and may affect the design. 

They are — in the opinion of the writer — best 
taken at the same time as the levels for the main 
section. Thus suppose we are levelling along AB, 
with a down slope to the left as shown by the spot 
levels on fig. 88. Then we would set up the level 
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'.I ''^ 



y ^ 



37- i? 



Fig. 88. 

say at X, so that the lowest of the required points 
can be read, three or four cross sections ahead would 
be pegged out, and all the low levels would be read, 
as far as possible, from the position X, say all those 
enclosed within the dotted line. Then a turning- 
point would be chosen, to give a very low reading, 
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as the level is to be raised for the higher points. 
The level would then be raised, say to Y, any points 
on the high ground on the back sections (such as E 
and L) which were invisible from X would be read, 
and a new lot of sections laid out, and so on. 

It will be seen that if the transverse slope is great 
it is seldom that all the points on any cross section 
can be read from one position of the instrument. 
This is quite immaterial, however, and all that is 
necessary is to read the required points (whether on 
the main or cross sections) in the most convenient 
order, and to note where each point is, so that the 
draughtsman may plot each level in its proper 
position. 

In pegging out the cross sections, a bundle of 
white pegs 18 inches or 2 feet long are ,a great help. 
Flower sticks used for tying up plants in pots can be 
bought for about 8d. per hundred, and answer all 
right where the pegs are not required to be left 
permanently in position. The position of each peg 
can be written on it in pencil (e.g. 30 links to left 
at 20 chains) or each peg may be numbered, while 
the surveyor keeps a plan on which the position of 
each peg is shown with its number attached. 

If the distances are not too great, the numbers 
may be called out by the staff-holder ; otherwise a 
good staff- holder may be trusted to book the number 
or position of each peg as he takes it, and the sur- 
veyor can copy them into his book each time they 
meet so as to see that the number of bookings agrees. 

Booking Cross Sections. — In perhaps the most 
common method of booking for cross- section levels, 
the distance column is divided into three, headed 
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Lefty Centre and Bight respectively. Thus if a read- 
ing be taken at 30 links to the left of AB at the point 
where the ohainage is 20 chains, we would enter 20 
in the centre column, and 0*30 in the left column. 

If the level book be not ruled in this way, any 
clear system can be used. The writer personally 
books them as in the level book below, which gives 
readings for the spot levels shown in fig. 88, but he 
does not contend that it is necessarily the best method. 

It has the advantage that the position of each point 
is written in the same way as one would naturally 
think of it or describe it. Hence the writer thinks 
that there is less liability to error in booking when 
working on this system. 

Level Book for Some op the Levels in Fig. 88. 



Back- 
sight. 


Inter- 
mediate. 


Fore- 
sight. 


Rise. 


FUl. 


Re- 
duced 
Level. 


Dis- 

tance. 


Remarks. 


6-50 










20 00 




B.M. 




13-90 






7-4 


12-6 


1-00 


Left at 0. 




12-70 




1-2 




13-8 


•30 


Left at 0. 




11-10 




1-6 




154 


000 


On centre line. 




5-70 




5-4 




20-9 


100 


Right at 0. 




4-30 




1-4 




22-3 


1-00 


On centre line. 




8-80 






4-5 


17-8 


1-00 


Left at 100. 




1-90 




6-9 




24-7 


100 


Left at 2-00. 


13-86 




-36 


1-54 




26-24 


— 


T.P. 




13-30 




•56 




26-8 


1-00 


Bight at 1*00. 




2-90 




10-4 




37-2 


1-00 


Right at 2-00. 




5-60 




2-7 


34-5 


•60 


Right at 2-00. 



and so on. 

Other Methods, — Cross sections are taken by 
several other methods, however. Working on the 
above system, levels are, of course, taken on each 
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cross section wherever there is sufficient change of 
slope to justify it. But if the transverse slope is 
fairly uniform on each side, a quick method is to 
measure the angle of slope on each side with a clino- 
meter, the surveyor himself standing on the centre 
line at the point where the cross section is required. 
The angle is measured in the mannflr described 
on p. 35, and entered in the remarks column. In 
other cases a hand level is used. This instrument is 
like a clinometer with the angle of slope permanently 
fixed at zero. Illustrations can be seen in the 
makers' catalogues. The surveyor simply holds it in 
his hand, standing on the centre line, brings it level, 
and reads the staff held at known distances along the 
cross section. If the rise or fall is very great, it may 
be necessary for the surveyor to take a reading, say 
at half the total required distance, then move to that 
point and take another reading. 

In either of these methods the levels along the 
centre line are supposed to be taken by ordinary 
levelling, either at the same time as the cross 
sections or previously. 

If the hand level is used as described, the height 
of the observer's eye above the ground must be 
measured with the staff. It will be the same each 
time, and serves as a backsight on the centre line. 

Plotting the Cross Sections. — Keferring to 
fig. 88 (p. 119) suppose that a road is to be 
constructed, having its formation level at A on the 
existing ground level, and rising 1 in 20 along the 
centre line. 

A longitudinal section would be plotted, and the 
depths of cutting found as already described. Thus 
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rise per chain = |« = 3*3 feet. Hence the formation 
levels at the end of each chain will be, at 0, 15-4 ; 
at 1-0, 18-7 ; at 2-0, 220 ; at 3*0, 25-3; and at 4*0, 
28-6. 

Then to plot the cross section at 0*0, in fig. 89, 
starting from X set off the distances 1-00 and -30 to 
the left and 1*00 to the right and set up the reduced 
levels, 12-6, 13*8, and 20*9 at those points as given in 
the level book (p. 121), also at X set up the reduced 
level at 0*0 on the centre line, namely 15*4. 




Y 


X 2 



Fia. 89. 



Fig. 90. 



We thus obtain the line CDLB, which gives the 
cross section of the ground at the point A in fig. 88. 

Now set up at X the formation level at 0, which 
in. this case is also 15*4, and draw FLG, at this level 
equal to the formation width. Then from F and G 
draw the side slopes at the proper angles. Thus on 
the left the road will be in embankment, so that the 
slope is 2 to 1 (see p. 112), while on the right 
the slope is 1^ to 1, as the work is in cutting. In 
drawing these slopes the exaggeration of the vertical 
scale must be taken into account as already explained 
(p. 118). The points H and K so found will give 
the toe of the bank and the top or " outcrop " of the 
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cutting respectively, and the shaded areas represent 
the cross-sectional areas of cutting and embankment 
at the point A. 

Similarly in fig. 90, which represents the cross 
section at 1*00, we have XY = XZ = 1 chain. 
YG = 17-8 ; ZE = 268, XL = 223 ; XM = 18-7 
the formation level at 1*00 (see p. 123), FG = the 
formation width, and FH, GK, the side slopes. The 
iroad is here in cutting on both sides, and the shaded 
area represents the sectional area of the cutting. The 
other cross sections are drawn in the same way. The 
datum line YXZ is often omitted in the finished 
cross section. 

Volume of Cutting. — In this case the areas are 
usually determined graphically from the plotted cross 
sections, as it is not easy to calculate them from the 
depths on the centre line. We may divide them into 
triangles, or use any of the methods of chapter i. for 
areas. The results are then tabulated, using Simp- 
son's rule or the trapezoidal rule. 

In this case, as there are five cross sections (that 
is, an odd number), we can use Simpson's rule, and 
the following are the approximate results, the for- 
mation width being taken as 40 feet : — 



Chainage. 


Area. 


Do. X Factor. 


0-0 
1-0 
20 
3-0 
4-0 


23-8 
161-7 
369-6 
616-1 
653-4 


23-8 

646-8 

739-2 

2064-4 

653-4 


4127-6 
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The factor for the first and last areas is U7iity ; 
for the second one it is /owr, then two, ih&nfour and 
so on, four and two alternately. 

The last column is summed and multiplied by ^- 
as the sections are 66 feet apart, and areas are in 
square feet. 
.-. volume of cutting = 4127-6 x 22 = 90807 c. feet. 

Plan of Work. — ^It remains to show on the plan 
the finished work. For this purpose in fig. 91 the 
line AB is reproduced without the spot levels. Now 
draw lines parallel to AB, and 20 feet on each side 




Fig. 91. 

of it to represent the formation width. Thus FG 
= 40. Then measure on fig. 89 the horizontal dis- 
tances, HN and KB, from the centre line to the end 
of the slope, left and right respectively, and set these 
off at AH and AE respectively in the plan {note : 
these distances are not to scale in the figure). The 
horizontal distances of H and E from the centre 
line are set off in the same way, left and right re- 
spectively,, at the end of each cross section, giving the 
completed plan, without allowing for fences. 
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The part FH is in embankment. At some point 
S, between F and T, the embankment will end and 
the cutting will begin. There will be no side slope 
there, and this point S may generally be found with 
sufficient accuracy by producing the outer line which 
marks the outcrop of the cutting, to meet the line 
FT at S. Otherwise, we may find S by proportion 
thus : as the depth of embankment at F (fig. 89) is 
to the depth of cutting at F (fig. 90) so is FS to ST. 

The area required in plan may then be found by 
Simpson's rule or otherwise, and an allowance made 
for fences if required. 

To find the volume of the embaij^ent between 
F and S, we take the sectional area of embankment, 
FHDL, from fig. 89, and multiply half this area by 
the length FS. 

In this case FS = 0*5 chain = 33 feet. 
Sectional area = 20 sq. feet. 
.-. volume = ^ X 20 X 33 = about 330 c. feet. 

Plan when Ground is Level Across. — If the 
ground is level across, the road will always be in 
either cutting or embankment on both sides,' accord- 
ing to the longitudinal section. In this case, as we 
have seen, it is not necessary to actually draw the cross 
sections to determine the volumes, and the plan can 
also be found very simply from the heights. Thus 
in fig. 92, if the side slopes are m to 1, then 

KL : KM : : m : 1 ; 
in other words, the horizontal breadth of slope in 
plan = w X depth of earthwork. 

Hence in fig. 91, if the ground were level across, 
we would set ofif, at 1-00 for instance, TU and VW, 
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each equal to 1*5 x depth of cutting at 1*0 chains, 
the slope being 1*5 to 1. 

Contouring. — The meaning of a contour line has 
already been defined (p. 93). To draw contours the 
usual method is to obtain a number of spot levels 
over the ground, and to interpolate the contours 
between them. 

There are several methods of taking the spot 
levels, but when they are done' by ordinary levelling 
they are generally taken along a series of more or 
less parallel lines, in the same way as for cross sec- 
tions. In the case of a hill, the levels may be taken 
along a series of lines radiating from the summit. 

The levels on ,fig. 88, for instance, could easily be 
used for drawing the contours. 



K L 



Ml 



'^f^ ^^y 




Fia. 92. Fig. 93. 

Interpolation of Contours. — In the opinion of 
the writer, much the most satisfactory method of 
interpolating the contours is by eye. 

Thus suppose A, B, C, D, are four points whose 
levels are given on the diagram (fig. 93), and 
suppose we require to draw the contours at every 
single foot. Then as the level of B is 22*4, and 
that of A is 27*9, it is evident that between them we 
require to find the points whose levels are'23, 24, 25, 
26, and 27. 

This is done on the assumption that the slope is 
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approximately uniform between A and B. It is as- 
sumed that, had this not been the case, extra levels 
would have been taken to show the positions of 
marked changes of slope. 

Now 27-9 - 22-4 = 5-5 feet = total rise from B 
to A. 

Hence each foot of rise will correspond with a 
horizontal distance of between one-fifth and one-sixth 
of AB. Now from 22-4 to 23 = 06 foot rise. 
Hence the distance B . 23 : BA : : 06 : 55, or 
B . 23 = about one-tenth of BA. 

Guess the position of 23, to satisfy this propor- 
tion. Then guess the position of 27, so that A . 27 
may represent a fall of 0*9 foot (from 27*9 to 27) on 
the same scale as B . 23 represents a rise of 0*6. 
Then from 23 to 27 will represent a rise of 4 feet, 
and we divide it into four equal parts by eye, each 
of which will represent 1 foot rise. 

Then compare the lengths of these parts with 
A . 27 at the one end, and B . 23 at the other ; they 
should each be a little longer, as judged by eye, than 
A . 27, and not quite twice as long as B . 23. If 
they do not satisfy this test then we must increase 
or decrease the lengths B . 23 and A . 27, and again 
divide up the interval. This being carried out be- 
tween each pair of adjacent points, and all points at 
the same level joined, we obtain the contours as 
shown. The contours are smoothed off as much as 
possible when being drawn ; changes of slope are 
usually not absolutely abrupt, and points of division 
should be slightly altered accordingly. Thus the 
distance B . 23 would be slightly increased, and B . 
22 slightly diminished as compared with the values 
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they would have had on a geometrical system of 
division, to give a somewhat gradual change from 
the close contours above to the wider ones below. 

The natural tendency of the practised eye is to 
allow for this in division. 

Interpolation by Construction. — Suppose A, B, 
G, are three points whose levels are given. Then 
taking AB as, say, 20 feet above datum, we plot a 
section, making ka = 27*6 - 20*0 = 7*6 feet ; Bh 
= 118; and Cc = 4*7, to any convenient vertical 




2¥^7 



scale, the bigger the better. Then along any conveni- 
ent line, say B6, set off whole feet to the same scale, 
beginning with 5 feet {note : the lowest level is 247, 
hence the lowest contour point will be 25), and 
through the points so obtained we draw horizontals 
as shown to meet the section line abc. Project the 
points of intersection down to the line ABC. 

This method would answer well if the heights could 
be set off, and the parallels drawn, without error ; 
but, practically, very great care is necessary to 
9 
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avoid errors which can easily be detected by eye, un- 
less the scale adopted is inconveniently large. 

Geometrical Division.— In another method, a 
line AB (fig. 95) is drawn on tracing paper, and 
divided into a number of equal parts, greater by 




Fro. 95. 

about five than the , greatest rise between any two 
adjacent points, while AB itself should be so long 
that any one division is not appreciably shorter than 
the estimated longest distance between contours. 
The points of division are numbered as shown, 




Fig. 96. 



and joined to any chosen point O (OA preferably 
not shorter than AB) by fine carefully ruled lines. 

Then, to divide up a line XY, given the level at X 
(= 27 '6) and at Y (= 34-8) we place the tracing 
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paper on the drawing, and keeping AB pa/rallel to 
XY (by eye is sufficient unless they are too far apart), 
we move the tracing until X comes between the 
7 and 8 rays (at a point corresponding with 7*6 as 
well as we can judge) and, at the same time, the 
point Y comes between the 14 and 15 rays, namely 
at a point corresponding with 14*8 (fwte : 34*8 - 
20 = 14-8 ; and 27-6 - 20 = 7-6). 

When the tracing is thus fixed in position, prick 
through the points b, c, etc., on to the line XY. 

The same tracing can, of course, be used again and 
again, and the method has some recommendation, 
but it leads, if strictly carried out, to an imnatural 
stiffness in the division. 

In ^g. 97 is shown an example of a somewhat ir- 
regular piece of ground contoured from spot levels. 

Uses of Contours.— To illustrate some of the uses of con- 
tour lines in engineering drawings, on fig. 97 it has been as- 
sumed that within the area ABCD a covered service reservoir is 
to be built, over-all dimensions 100 feet by 50 feet, by 14 feet 
deep, together with one or more filter beds on each side 35 feet 
wide, 100 feet long over all, and 9 feet deep, outside dimensions. 
The bottom of the reservoir foundations to be at the level of 
40*0, the top level with the top of the filters. 

The earth excavated for the foundations to be made into a 
bank all round the work, top of bank level with top of walls, 
top width 10 feet, side slopes 2 horizontal to 1 vertical. 
' ' It is required (a) to find the volume of excavation for the 
foundations. 

The method shown is that of ** mean sections *\ If any 
section of the work be taken in a direction parallel to aa, the 
outside section of the filter beds and reservoir will be the same, 
and is represented by QggM in the figure. 

Now divide the breadth AD or BG into any number of equal 
parts— in the figure it has been divided into three parts — and 
bisect each of these parts. Through the points of bisection 
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draw lines aa^bb, and cc ; then we may draw a section of the 
ground along each of these lines, and sketch in the mean sec- 
tion by eye, or, taking any line such as abc at right angles to 
the direction of the sections, we may read off, from the con- 
tours the levels at each of the points a, 6, c, take the mean 
arithmetically, and plot it up in the section. 

Thus taking the line abc on the left of the figure, we have 
level at a = 55*4 

„ „ 6 = 55-2 

„ „ c = 58-8 



3 )164-4 
mean = 54*8 
Then taking XY in the section as 40, we make Xx = 54*8 
- 40 = 14*8 feet on the same scale as the depths of reservoir 
and filters are set off. 

Similarly for the points on the right : — 
level of o = 51*6 
„ „ 6 = 50-9 
„ „ c = 49-3 



3) 151-8 
mean level = 60*6 

Hence Yy = 10-6 feet. 

In the figure the vertical scale is exaggerated, but usually in 
drawings of this kind the vertical and horizontal scales are the 
same. 

Repeating this for a number of perpendicular lines, we ob- 
tain the mean ground line shown, which gives approximately 
the mean section of the ground over the breadth AB. 

If now we planimeter, or otherwise obtain, the area of the 
fig are N^^N between this line and the bottom (allowing for tke 
proper scales) and multiply by the breadth AD, we obtain the 
required volume. 

To allow for the scales, find the area in square inches. Then 
if the vertical scale be.l inch = n feet, and the horizontal scale 
1 inch = p feet, then each square inch of area = n x p 
square feet. 

Other methods of finding the volume of excavation will be 
given later. 
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Volume of Bank. — (2>) To find the volnme ol the embank- 
ment round the reservoir, make GH = 10 feet, the top v^idth of 
bank, and draw HB at the proper slope. 

It is evident that if the area GNBH be taken, and multi- 
plied by the length BG, the result will give the volume of the 
bank down the right-hand side. If the area. GNBH be added 
to the corresponding area on the left, and the svm muliiplicd 
by the length BG, the result will give the volume of bank on the 
right and left. If now a similar mean ground line be drawn 
in the opposite direction (that is by dividing up AB or CD) the 
top of the walls and the mean section of bank can be shown on 
it, and the sum of these areas multiplied by AB or CD will give 
the volume of bank along the top and bottom sides of the work. 
This omits the four corners. 

These can be dealt with in various ways. The practice of 
the writer is to multiply the areas by the lengths MP and FQ 
instead of BC and CD. A little thought will show that this in- 
cludes some portion of the comers twicer but still omits the 
comers of the slopes. These errors may be regarded as balanc- 
ing one another sufficiently nearly as a rule. 

Determining Toe of Slope.— (c) To find the intersection 
of the bank with the existing ground in plan. 

For this purpose make GH in the section = 10 feet, and 
draw HR at the slope of 2 horizontal to 1 vertical as before 
(allowing for the scales as on p. 117). 

Then the bottom level of reservoir = 40*0 

depth . . = 14-0 

.*. top level . . = 54*0 

Now set down GE equal to, say, 7 feet, on the vertical scale. 
Then the level of E will be 540 - 7*0 = 47-0. From E draw EF 
to meet the slope line HF, and from P project down to meet 
the 47 contour at the point J. Then J is one point on the toe 
of the slope. The same line meets the*^47 contour again at S, 
but this point is outside the limits of the figure and is ignored. 

Similarly the point L is found by projecting down from T, 
which is at the level of 48*0. All points so found are 
joined. 

It is more convenient to work directly on the plan, however. 
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Taking the 48 contour, lor instance, its vertical depth below 
top of bank is 6 feet. Hence, on a 2 to 1 slope, the horizontal 
distance corresponding to this is 12 feet. Therefore to find the 
point on the 48*0 contour, we simply require to find the point 
L whose perpendicular distance from MP is 12 feet to scale. 
This is done by merely sliding the scale along, keeping it per- 
pendicular to MP by eye, and keeping zero on MP, until the 
48 contour is intersected by the 12 foot division, and then 
marking the point L. 

Similarly for J, on the 47*0 contour, the distance of J from 
MP must be 2 X (54 - 47) = 14 feet. 

Again, assuming that the comer is a cone with P as apex, to 
find the point U, on the 46*0 contour, the distance PU will be 
2 X (54 - 46) = 16 feet, and we take P as centre and 16 feet 
as radius, and cut the 46 contour at U. 

Ezcavations for Buildings.— The problem of finding the 
amount of excavation to be done for an ordinary building on 
irregular or sloping ground is, perhaps, mosti neatly solved by 
the method of mean sections. It is exactly similar to the 
example already given, except that there will generally be no 
bank round the outside. Another method is to actually draw 
several sections ; find the area of excavation from each section, 
and then proceed by Simpson's or the trapezoidal rule. 

Volome of Water in Reservoir.— Suppose that fig. 98 
shows the contours on a reservoir site. The line AB represents 
the plan of the upstream edge of the top of the earth dam, and 
the upstream slope of the dam is 3 horizontal to 1 vertical. 
Top level of dam, 48-0 ; top water level, 46*0. It is required to 
find the volume of water in the reservoir when full to the level 
of 450. 

First draw the contours MN, EL, etc., on the upstream slope 
of the dam, supposing the latter built. Thus for the 46-0 line, 
MN, we have : — 

level'of top of dam = 48*0 
level of line MN = 46-0 

vertical interval = 3*0 

at a slope of 3 to 1, the horizontal equivalent will be 3 x 3 = 
9 feet. 
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Henoe the line MN must be 9 feet to scale from AB, at which 
the slope begins and the level is 48. For each line after that 
the additional vertical interval is 1 foot, and the additional 
horizontal equivalent is therefore 3 feet. In other words, the 
lines are 3 feet apart. 

The points M, E, G, D, etc. , where these lines meet the 
corresponding original contours give the toe of the slope, this 
being really the same as the second construction described for 
J and L in fig. 97, except that the contours on the slope were 
not actually required to be drawn in that case. 

Now in fig. 98, the contours on the slope close the areas 
given by each of the original contours. Thus CDE represents 
the area of ground which will be under water, when the water 
stands at the level of 39*0. 

FGH shows the area submerged at 'the level of 40*0 ; JEL, 
at 41*0 ; and so on. 

Now suppose we take out the areas CDE and FGH, by pla- 
nimeter or otherwise, reduce to square feet, and take the mean 
of the two. Then multiply this mean area by the vertical 
interval between contours (which in this case is 1 foot) and we 
obtain the volume of the horizontal slice (as it were) of water 
between the levels of 39*0 and 40*0. This process is repeated 
for each pair of contours, and the whole tabulated as 
follows . — 



Level. 


Area. 


Ditto 
(Sq. Feet). 


Mean. 


Volume. 


Total 
Volume 
(C. Feet). 


Corr. 
Level. 


89*0 


•09 


670 
















1930 


1930 


1980 


40*0 


400 


•42 


3190 
















6070 


6070 


8000 


410 


410 


116 


8950 
















13,230 


13,230 


21,230 


42*0 


420 


2*28 


17,510 
















22,385 


22,386 


43,616 


43*0 


43*0 


3*64 


27,260 
















31,765 


31,765 


75,380 


44*0 


440 


4*71 


36,270 










450 


6-76 


44,840 


40,305 


40,305 


116,686 


46*0 


116,685 
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The first area is ODE, the second FGH, and so on. If the 
areas are found in square feet straight ofiF, column No. 3 is, of 
course, unnecessary. 

Column No. 4 gives the means between each successive pair of 
areas, and column No. 5 gives the result of multiplying these 
means by the corresponding vertical interval in each case. 

This column might in this case have been omitted, as the 
vertical interval is always 1 foot. 

The first line in this column gives the volume of water 
between the levels of 390 and 40*0, and hence the total 
volume of water up to the level of 40*0, as any water below 
39*0 is negligible in amount. It is therefore repeated in the 
** total volume " column, and the corresponding level (last 
column) is entered as 40*0. 

The second figure in column No. 5 gives the volume between 
40 and 41, and hence, if added to the previous total volume, 
will give the new total volume, up to the level of 41*0, and so 
on. 

The addition is checked by adding up the volume column as 
shown. The example, of course, shows a very small reservoir 
only. For larger reservoirs the interval between contours may 
be more than one foot . 

The volume could also be found by plotting cross sections, 
say along the dot and dash lines (along which the original 
levels are supposed to have been taken). The method in this 
case is the same as for a road or railway cutting. 

Much has been written about the relative accuracy of the 
two methods of working, and many authorities state that the 
method by contours is very much more reliable than that by 
cross sections. 

The writer considers that the matter would still be open to 
argument if only the total volume were required. But it is 
evident that the table given above enables us not only to state 
the total volume with fair accuracy, but also to estimate fairly 
well the volume of water in the reservoir when the water 
stands at any given level. The results in the last two 
columns can be plotted in a curve for this purpose if de- 
sired. 

Obviously this information may be of very great value, and 
this fact alone is sufficient to decide any argument as to which 
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method should be adopted, without any consideration of 
relative aoouracy. 

Volome of Dam. — To find the volume of the dam we 
would require to know the top width and the down stream 
slope ; say 8 feet, and 2 J to 1. 

The contours would also have to be continued for one 
section farther down stream, and the contours on the down 
stream face filled in as before, as well as the down stream toe 
of slope. 

We could then, proceed : (a) by drawing a number of cross 
sections of the dam at equal distances, finding their areas, and 
using Simpson's rule or the trapezoidal rule for volume ; (b) by 
the method of contours. 

In the first method, referring to fig. 98, the total length of 
the dam is measured as 156 feet, and this may be divided into 
6 equal parts of 26 feet. Let OPQ be a section plane 26 feet 
from one end. The section of the dam is first drawn as 
shown, the side, slopes being drawn at the proper angles. In 
this case the vertical scale was taken as double the horizontal, 
which is shown on the drawing. 

Then the line OPQ is produced to meet the 43, 44, and 45 
contours at O, P, Q. These points are projected up, and 
taking the level of XY as 48*0, we set down 5, 4, and 3 feet re- 
spectively from it, thus obtaining the line OjPiQi. This line 
meets the side slopes, and the shaded area represents the cross 
sectional area of the dam along the line OPQ. The other 
cross sections are obtained in the same way by putting in a 
new ground line (instead of O^PiQ^) for each section. 

In the second method, by contours, AUTB gives the area of 
the bank at level 480 ; NMQS gives it at the level of 45-0 ; 
and if the mean of these areas be multiplied by the vertical 
interval, 3*0, we get the volume between those levels, and so 
on. 

Laying out given Surface Gradient. — Contours 
may also be used to lay out on a plan the direction 
of a line which will be everywhere at a definite 
gradient without cutting or filling. 

Thus suppose fig. 99 represents the contours near 
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the top of a hill to a soale of 4 chains to 1 inch, and 
that it is desired to lay out on the plan a surface 
line starting from A and reaching the summit with 
a uniform slope of 1 in 20. Now we will suppose 
that the vertical interval between contours is 5 feet. 
And at a slope of 1 in 20 the corresponding hori- 
zontal equivalent is 20 x 5 = 100 feet. That is, 
in rising from contour to contour we must travel, 
in plan, 100 feet, and we must find the length, in 
inches on paper, which represents this. 
Now 4 chains = 264 feet. 




Fig. 99. 

Hence to a scale of 4 chains to 1 inch, 100 feet 
will be 1^ = '38 inch. Then taking this length as 
radius and A as centre, we cut the next contour at 
B. Then with B as centre, and the same radius, 
cut the next contour at C, and so on. 

Laying Out Line on Ground. — A similar line may 
be laid out on the ground directly with the level. In 
this case the points are usually fixed at one chain 
apart. Thus suppose the level is set up at X, and 
the reading dbtained on a staff at A is 13*16. Then, 
if a 66 foot chain be used, for a gradient <^ 1 in 20 
the rise in 66 feet will be 66 -r- 20 = 3*3 feet, and 
this will be the same for each chain length. We 
can then work the level book backwards. 
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Back- 
sight. 

1316 


Inter- 
mediate. 


Fore- 
sight. 


Rise. 


Distance. 


Remarks. 











Pt. A. 




9-86 




3-30 


1-00 






6-56 




3-30 


200 






3-26 




3-30 


300 




13-72 




•16 


3-11 





T.P. 




13-63 




•19 


400 





Here, starting from the backsight 13-16 at A, we 
subtract the rise, of 3-30, to get the next reading 
which will be 9*86, at 1*0 chain. 

Now the follower holds one end of the chain at A, 
and the leader takes the other end up the hill, guess- 
ing the right direction. The staff is held at the end 
of the chain, and the surveyor from the instrument 
at X notes whether the reading is more or less than 
9*86. He accordingly signals the staff-holder to move 
up or down the hill, while the leader also swings the 
chain round (so enabling the staff to be kept 1 chain 
from A) until the correct reading is obtained, to the 
nearest tenth say. This fixes the first point D. 
Then the follower moves to D, and the reading of 
6*56 must be obtained at E, and so on until we come 
down to 3'26 at 3 chains. We cannot subtract an- 
other 3*30, hence we take a turning-point as shown, 
anywhere where the reading is low. This gives a 
rise of 3-11. The new backsight is 13-72, say. The 
additional rise required to 4 chains is 330 - 3-11 
=« 19 foot. Hence the next reading will be 13*72 
- 19 = 13-53, and so on. The pomts D, B, etc., 
are pegged out, and afterwards surveyed if desired. 

If a very accurate gradient is required, the hypote- 
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nusal allowance must be made. For a rise of 3*3 
feet per chain, the hypotenusal allowance is 1;^ links 
per chain, and the staff should be held that distance 
in front of the end of the chain each time. 

The student should prepare tables of hypotenusal 
allowances like that on p. 34, for pasting into his 
field books. Columns should be added for rise per 
chain, and rise per 100 feet. 

To find these, rise per chain = 66 x sin a, and rise 
per 100 feet =100 sin a, where a is the angle of 
slope and the rise is always in feet. 

Laying out Contours on Field. — Contour lines 
are sometimes laid out on the field in the same way, 
except that in this case there will be several points 
with the same reading, and when we move from one 
contour to another the readings will dififer, as a rule, 
by a round number of feet. 

This method is usually more accurate (but also 
much slower) than the method of interpolation. 

Permanent Adjustments of Level,--Ithas been 
stated that the readings with a level are taken along 
a line or plane of collimation, which should be truly 
horizontal when the spirit level is central, and that 
the level is brought central in two directions, and 
should then remain so in all directions. 

To satisfy these conditions, it is obviously essen- 
tial : (1) that the plane or line of collimation should 
be parallel to the spirit level ; (2) that the spirit level 
should be perpendicular to the vertical axis, round 
which the level rotates. 

These adjustments should be accurately carried 
out by the makers before the instrument is sent out ; 
but this is not always done, and, in any case, levels 
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will get out of adjustment from time to time. Hence 
the surveyor should know how to test his instrument, 
and to correct it if found very defective. 

These adjustments are called " permanent " ad- 
justments (because they should remain correct when 
once corrected) to distinguish them from the " tempo- 
rary " adjustments which must be carried out every 
time the level is used, such as bringing the bubble 
central, and focussing. 

To understand the first test, let L be the spirit 
level, and AGE the line of collimation. If the latter 




Fig. 100. 

is not parallel to the level, it will not be horizontal 
when the latter is central, but will make a constant 
angle a with the true horizontal CD, equal to the 
angle it makes with the spirit level {note : the angle 
is much exaggerated in the figure). 

Now when we read, we are supposed to be reading 
along a horizontal plane or line, CD. But we will 
really be reading along the line AGE. Hence the 
error in the reading at any point D will be repre- 
sented by DE. Its value is CD . tan a, and it will 
obviously be the same in amount for any two readings 
at eqtcal distances from the level. For unequal dis- 
tances it will be greater, the greater the distance. 

Hence to test for this error we choose two con- 
venient spots A and B, say 2 to 3 chains apart, on 
firm ground, and at equal distances from a third point 
C. Set up the level at C, and read the staff at A 
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and B, correcting the bubble by the plate screws for 

each reading if neces- 
sary, and carefully 
focussing to eliminate 
parallax. Then as 
AC = AB, both readings 
will be increased or de- 
creased by the same 
amount^ if there is any error. Hence the difference 
between the readings will be the same as if they 
were both correct, and will give the trvs rise or fall 
from A to B. 

Now set up at D, in the line AB produced, say 
about ^ to 1 chain from B, and read the staff again 
at A and B, the bubble being .central. 

Then the distance from A to D will be three or 
four times as great as DB ; hence the error at A, if 
any, will be three or four times as great as that at B, 
and the difference between fehe readings will no longer 
give the true rise or fall. 

Let Ai, Bp be the readings at A and B from C. 

■"2» 2» »» »» »» »» »» 

Then A^ - Bj should be equal to Ag - Bg. . 

If not, there is an error. 

To adjust it we may move either the bubble or 
the line of coUimation. The former would generally 
be adjusted, unless there is reason to believe that the 
error is in the line of coUimation, as, for instance, if 
the instrument has just been re-webbed. First sup- 
pose the bubble is to be corrected. 

Work the plate screws a little at a time, so as to 
move the bubble a few divisions one way or the other, 
and read again at A and B. If the difference is now 
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more nearly equal to Aj - Bj the bubble has been 
moved in the right direction, and we keep on moving 
the bubble a little more each time, and reading at A 
and B, till the difference becomes equal to A^ - Bj. 

If, after moving the bubble, the difference becomes 
less nearly equal to Aj - Bj, we have moved the^ 
bubble the wrong way. Work the plate screws in 
the opposite direction, and repeat as above. 

When the correct difference is obtained, the line 
of collimation is horizontal, but the bubble will be 
no longer central. Bring it back to the central posi- 
tion by the screws (usually capstan headed) which 
support it at one or both ends. 

In doing this, it will be found that there are two 
or more screws which lock one against the other. 
One of these must be slackened before the other can 
be tightened, and the student must be careful to 
finish by tightening up the screw which was first 
slackened, so as to leave them both quite tight. 

At the end the staff should be read again, so as to 
see that the reading has not altered, as it may do so 
if much pressure is applied to either end of the tele- 
scope in adjusting. If it has altered, bring it back 
with plate screws, and adjust bubble again. 

Next suppose the line of collimation is to be ad- 
justed. 

Then after reading from D and finding that Ag - Bg 
is not equal to A^ - B^, work the diaphragm screws 
(D in figs. 72 and 73) a little at a time, and keep on 
reading the staff at A and B, till the correct difference 
is obtained. 

The same remarks apply here as in the adjust- 
ment of the spirit level, and throughout the ad just- 
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ment the bubble should remain central. If it moves, 
bring it back central by the plate screws before pro- 
ceeding. 

Second Adjustment. — The second adjustment is 
to make the spirit level (and line of collimation) per- 
pendicular to the vertical axis. 

To understand the adjustment, suppose that the 
level L is brought central by the plate screws, but 
, ,B ^^^^ ^^6 vertical axis is 

^- ' n T—Tf' 110^ a^ right angles to 



' ^■f'^ . r^ 



__ it. Then the latter will 

fe lV ^ "^^ ^^* ^ vertical, but will 
f==^X^^ be in a direction such as 

^i^V AB (the amount of error 

Fig. 102. being, of course, exagger- 

ated). If now we rotate the upper part of the in- 
strument through 180° round AB, the line of col- 
limation will take up the position shown at CiDj, 
in which the angle AOCi = ^00 = 90° + a, if a 
be the angle which AB makes with the true verti- 
cal VO. Hence VOCi = 90° + 2a, or the. bubble 
will make an angle of 2a with the horizontal. 

Hence to test the adjustment, place the telescope 
over two plate screws, and level up. Then turn 
through 90°, and level again. Then hack to the 
original position (not through 180° from it) and level 
again. It will then be level in two directions. 

Now turn it through 180° from the last position, 
and, if the bubble moves, correct half the movement 
by the screws under the telescope (in the position E 
in fig. 102) and the other half by the plate screws. 
Bepeat till the bubble remains central. In working 
the screws B, and indeed in all permanent adjust- 
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ments of the level or theodolite, the same remarks 
apply as in the first adjustment. 

Use of Small Level. — There is generally a small 
level at right angles to the large one, near the object 
glass end. In levelling up, either for this test, or in 
ordinary use, the work may be somewhat shortened 
by setting the long level parallel to two opposite 
screws (supposing there are four); then level the 
small level first, with the other pair of screws ; then 
the long one, without turning the instrument at all. 
Finally turn the instrument through 90°, and level 
with the long level. 

To test the adjustment of the small level, we may 
proceed independently, working in the same way as 
described for the main level ; or we may first adjust the 
main level so as to remain central in all positions, and 
then, if the small bubble is not central, bring it so 
by the screws which support it. 

Equalization of Back- and Foresights. — It is to 
be understood that it is a matter of great difficulty 
to get the level so accurately adjusted that no 
error at all will remain, and it is useless to sup- 
pose that, once adjusted, the instrument will remain 
in perfect adjustment indefinitely. Hence, while it 
should be tested and corrected from time to time, it 
is desirable, when an accurate result is required, to 
work on some plan which tends to eliminate the 
instrumental errors, rather than torture the instrument 
by perpetual attempts at absolute adjustment. 

Now we have seen that if the line of collimation 

is not truly parallel to the spirit level, this will cause 

eqtLol errors in the readings at two points at equal 

distances from the level, and hence the rise or fall 

. 10 
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from one point to the other will be correctly obtained. 
Thus if all the readings could be taken at the same 
distance, the error would be of no consequence. This 
cannot well be done, but we can arrange that for 
each position of the level the back- and /ore-sight 
shall be taken at about equal distances. 

This is called " equalization of back- and fore- 
sights," and attention to it ensures that the error 
due to faulty adjustment of the line of coUimation 
is eliminated at each turning-point, and hence is not 
carried forward or accumulated. There will be some 
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Fig. 103. 

residual error at each intermediate, but in this, as in 
all other surveying work, it is the accumulated error 
that is to be guarded against, it being compara- 
tively easy to adjust so nearly that the error in one 
reading is of no great consequence. 

To show the importance of this, suppose we are 
levelling up a long hill of uniform slope, with a line 
of collimation sloping upwards, so that all readings 
are too high. Also assume that the staff is 14 feet 
long, and the level when set up is about 5 feet above 
the ground. 

Also suppose that A is a turning-point (fig. 103), 
and that, in choosing the next position B, we choose 
it so as to get a backsight reading very near to the 
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top of the staff, and that for the foresight, the staff 
is taken to G, so that we can just see the bottom. 
Then it is evident that the distance, AB, at which 
the backsight is taken will correspond with a rise of 
9 feet (14 - 5 = 9), while the distance BC will 
correspond with a rise of only 5 feet, about. Hence 
AB will be nearly twice as great as BG, and the 
error in the backsight will be correspondingly greater 
than in the foresight. 

In the case we have supposed both will be increased 
(but the backsight more than the foresight), hence 
the calculated rise each time we move the level will 
be too great. Hence the level at the top of the hill 
will be too great. 

But in levelling back to our starting-point, to 
check, the process is reversed. The foresight will 
now be relatively too great each time, and we shall 
obtain too big a fall each time. 

Hence we may check back correctly at the bottom, 
in spite of the error at the top, so that the latter 
would escape detection. 

To assist in ensuring equalization in such cases, 
in the Ordnance Survey and elsewhere, 10 foot staves 
have been used, the idea being that they are about 
twice the height of the level. 

But if a short piece of levelling, involving few 
positions of the instrument, is to be done with an 
instrument in fair adjustment, the use of the 14 foot 
staff may save time without introducing any very 
serious error, and it frequently enables an inter- 
mediate in a hollow to be read, which would other- 
wise necessitate another shift of the instrument. 

Elimination of Second Error, — If the level is 
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not perpendicular to the vertical axis, the bubble will 
not remain truly central in all positions. In this 
case the bubble should be exactly corrected with the 
plate screws for each back- and foresight, after aiming 
at the staff. Many makers supply small mirrors 
which fit on to the bubble tube, so that the position 
can be seen from the eyepiece end of the telescope 
by slightly raising the eye. 

Reciprocal Levelling. — Now suppose we wish to 
carry a line of levels across a wide river or ravine 



Fia. 104. 

AB, say 500 feet wide. With the level set up at A, 
the foresight must be taken across to B. But it may 
be impossible to take a backsight at anything like 
the same distance on the left bank. In this case we 
resort to reciprocal levelling, as follows : having 
levelled down to A, equalizing back- and foresights, 
we shall know the level of A ; set up the level exactly 
over that point ; read its height with the staff = A^ ; 
then send the staff to B, and read it, = B^. 

Then suppose there is an error in the line of colli- 
mation so that readings at a distance AB are too 
great by an amount e. Then the true reading at B 
should be B^ - e, and the true rise from A to B is 
Ai - (Bj - e) = Ai - Bi + e. 

Now take the same level and set it up at B ; read 
its height above the ground, (^= Bg), and send the 
staff to A and read it, ( = Ag). 
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Then the true reading at A should be Ag - e, as 
the distance is the same as before. 

Hence true fall from B to A = Ag - e - Bg. 
.*. True rise from AtoB = A2 - e - Bg. 
But true rise from A to B = A^ + e - B^ 
.-. 2 X rise A to B = (A^ + Ag) - (B^ + Bg) 
or true rise A to B = ^ {(Aj + k^ - (Bj + Bg)}. 

This eliminates the unknown error e. 

To eliminate irregularities of refraction, two levels 
are sometinaes employed for a very accurate result. 
Two staves should be held on A and B, and the 
levels set up touching them, as nearly as possible. 
The height of each level is read directly, and simul- 
taneous readings are then taken through each level 
to the opposite staff. The levels are then reversed, 
the one from A being taken to B, and vice versa, and 
the readings repeated. 

If the distance is too great for the staff gradua- 
tions to be read directly, the staff-holder is directed 
to use a pointer, which he runs up or down the 
staff, till it coincides with the hair, when the observer 
at' the level signals, and the staff-holder reads the 
position of the pointer. 

Curvature and Refraction.— It has been stated 
that levels are given above some level surface or 
datum. For very small areas such a surface may 
be regarded as a plane, but for bigger areas a level 
surface is everywhere parallel to an imaginary sur- 
face passing through the mean level of all large seas 
and oceans, and as it were produced through all land 
surfaces to meet the corresponding mean level of 
the next ocean. Hence all such surfaces are nearly 
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spherical in shape, and may, in fact, be regarded as 

portions of a sphere whose radius is equal to the 

mean radius of the earth. 

Thus A and B, fig. 105, 
are on the same level But 
if a level be set up at A and 
levelled, its line of coUima- 
tion will be in the direction 
AD, and the point D will 
appear to be on the same 
level as A. Thus the rise 
from A to C, as given by 
Fig. 106. ^^^ reading with the level 

would appear to be DC, whereas the true rise is BC. 
The apparent rise is thus too small by the amount 

BD, which is called the curvature correction. To 

find it, by Euclid : — 

AD2 = BD . DE. .-. BD = ^'. 

DE 

Now BE is the diameter of the earth, and BD is 

much greater in proportion than it could ever be in 

practice. Without sensible error we may take DE 

= BE. 

. BD - — - (^gtance)^ 

"" BE "" diameter of earth' 

If the distance AD of the reading be one mile, 
and the Earth's diameter be taken as 8000 miles, 
then BD = ^^jyjj mile = ^V^ inches, or 8 inches 
nearly. 

Thus the curvature correction is about 8 inches 
for a distance of 1 mile, and for other distances is 
proportional to the square of the distance. 

For J mile distance it is ^^^ =» i inch nearly. 
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Equalization of back- and foresights eliminates this 
error as well as that due to faulty adjustment. The 
method of reciprooal levelling also has the same effect. 
Curvature correction must be added to a rise and 
subtracted from Skfally reckoned from the instrument. 
It has, in fact,^he effect of making the staff reading 
too big. 

Refraction. — Now in consequence of the fact 
that the density of the atmosphere decreases with 
the height above goa-level, the path of a ray of light 
through it is not straight, but becomes curved by 
atmospheric refraction, as shown in fig. 106. Thus 
the rays of light from C appear to be coming from Cj. 

The methods by which 
the amount of the refrac- ^^ ' 

tion correction is arrived at ^ ^^^^^^C 

are beyond the scope of 
this book, but.it is sufficient 
to say that, on the average, 
it appears to be about one- 
seventh of the curvature 
correction, and in the op- 
posite direction. Hence 
the total correction is about 
six-sevenths of the curvature correction calculated as 
above. 

Degree of Accuracy In Levelling. — The only 
criterion of any value, in levelling, as in any other 
kind of surveying, as to the degree of accuracy to be 
aimed at, is that the total amount of error should not 
be so great as to be of importance according to the 
work in hand, and the writer rather deprecates the 
use of fixed standards. But as a standard to set 
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before students he adopts an error of 0*01 foot for 
a 400 foot reading; and for other distances an ac- 
cumulated error of Jn x -01 where n is the total 
number of back- and foresights. This would give 
0*04 foot per mile, which can be obtained with care, 
and represents pretty good work. • 

Contours by Hand Level. — Some reference has 
already been made to the hand level (see p. 122). It 
is used in several different ways,, but its special ad- 
vantage is its portability, and quickness of adjustment. 
It is, of course, much less accurate than a dumpy 
level, and could not be used for a long line of levels 
if a good result were required. For short lines such 
as cross- sections, however, where there is less chance 
of accumulated error, it may save time, especially if 
the levels along the centre line have been previously 
taken. 

Most frequently the observer measures the height 
of his eye above the ground, and standing directly 
on the point of known level, reads the staff on the 
required point, or directs the man up or down hill, 
to obtain the required reading, if the contour is 
being laid out on the field. 

With the hand level it is usual to complete each 
cross-section before passing on to the next, the ob- 
server always moving on to the point where the 
foresight was taken, and using his own height as the 
new backsight. 

The writer prefers the hand level fitted with the 
Grubb sight (see p. 80). 

Exercises for Eevision. 

1. Draw up an imaginary field book for the spot levels shown 
in fig. 97, showing the whole fully made up and checked. As 
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same a staff 14 feet long, and that the first reading is on a B.M. 
at the level of 60*0. 

2. Taking a centre line running from west to east on a 
certain piece of ground, the following table shows the spot 
levels : — 







Distance 








Distance 




Bedaced 
Level. 








Eeduced 
Level. 






















Left. 


Centre. 


Eight. 




Left. 


Centre. 


Right. 


81-1 


160 







27-2 




160 


75 


66-9 


75 





- 


14-3 





150 


150 


51-7 











9-5 





225 


150 


86-2 


— 





76 


22-8 


— 


226 


76 


23-7 








160 


38-4 





225 





19-5 





75 


160 


621 


76 


225 





33-3 


— 


76 


75 


67-0 


160 


225 


— 


46-7 


— . 


75 





66-6 


150 


800 





62-2 


75 


75 





49-0 


76 


300 





74-2 


150 


76 





33-2 





300 





68-8 


160 


150 





16-8 





300 


76 


56-9 


76 


160 





3-4 





300 


150 


42-2 


— 


160 


— 


750 


— 


B.M. 


— 



All distances are in feet. 

Draw up an imaginary field book for these levels, showing 
the whole fully made up and checked. Plot the levels and draw 
the contours at every 5 feet. A square 150 feet each way in 
the centre of this ground is to be levelled off to the level of 40*0, 
the side slopes to be 1 J to 1 in cutting and 2 to 1 in embank- 
ment. 

Draw the plan of the finished work ; show the altered con- 
tours along the slopes, and find the volumes of cutting and em- 
bankment. 

3. On the same piece of ground as in exercise No. 2, starting 
from the south-east corner (reduced level = 3*4) it is desired to 
ran a path 10 feet wide at an even gradient of 1 in 9*5, up to 
the 40 foot contour, so as to enter the central portion on the 
level Trace the direction of the centre line, so as to give this 
gradient without cutting or filling. Then through the points 
so found take a smooth curve to represent the actual centre 
line ; draw the longitudinal section ; the cross sections at every 
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50 feet, and the finished plan. Assume that the formation 
width is 10 feet, and that the formation level is the same as 
that of the finished surface, and that the gradient along the 
altered centre line is uniform. Find the volumes of chtting and 
embankment. 

4. The levels for a small reservoir are as given in the table 
on p. 155. Two lines A5, BG, are laid out, each 200 feet long, 
and making an angle of 165** with one another. The cross 
sections are taken at right angles to these lines, at every 50 ft. 
from A ; the cross section at B bisects the angle ABC. 

Draw the contours at every foot, and if the top water level 
be 45*5 feet above datum, and the top level of dam 48*0 ; up- 
stream slope 3 to 1, top width 8 feet ; downstream slope 2^ to 
1, and upstream edge of top at right angles to BG and 150 feet 
from B. Find the volume of water in the reservoir : {a) when 
the level is 41 ; (b) when the level is 45-0 ; find also (e) the 
total volume of the dam above original ground level ; (d) the 
total area of ground covered by the work, from the top water 
contour on the upstream side to the toe of the downstream 
slope. If it is desired to place two outlet valves from the 
reservoir, of' which the upper one shall be able to draw off just 
half the total volume from 45*0 downwards, find the level at 
which it should be placed. 

{N,B. — The bed of the stream is omitted in the table and 
may be neglected. The lowest line of levels is on the left 
bank. Distances are horizontal.) 

5. Draw the exercise given in fig. 97 to the scale of 20 feet to 
an inch. The spot levels are 50 feet apart each way. Find the 
volune of excavation by the method of mean sections, and find 
the top breadth of bank (by a process of trial and error) so that 
the total volume of bank may be the same as the volume of 
excavation. For this width draw the bank in plan. 

6. What are the curvature and refraction corrections for a 
distance of 1400 feet ? Reciprocal readings are taken between 
A and B, at that distance, as follows : at A, height of level = 4-7, 
reading to B = 7*37 ; at B, height of level = 6*0, reading to 
A=2-23. Find the level of A if that of B be 20-27, and find the 
collimation error for a reading of that length, if the refraction 
be assumed constant. What will be the collimation error with 
the same level for 400 feet distance ? 



Digitized 



by Google 



LEVELLING AND CONTOUBING 

Table for Question 4. 
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Distance 








Distance 




Reduced 
LeveL 








Reduced 














Level. 










Left. 


Centre. 


Right. 




Left 


Centre. 


Right. 


48-7 









51-7 




260 


160 


42-5 





60 


6 


44-8 





260 


75 


47-2 





60 


60 


36-8 


— 


260 


13 


63-4 


— 


50 


100 


421 


75 


260 




46-8 


60 


50 





62-8 


150 


260 




60-6 


100 


60 





47-8 


100 


S76 




49-8 


100 


100 





49-4 


160 


300 




43-8 


60 


100 





41-8 


76 


300 




40-6 





100 


8 


34-7 




300 


9 


44-5 





100 


60 


88-6 




300 


76 


60-7 





100 


100 


48-2 




300 


160 


53-6 





160 


160 


49-4 




360 


100 


44-5 





150 


76 


36-6 




360 


60 


39-8 





160 


4 


32-2 




360 


6 


42-8 


76 


150 





38-6 


60 


360 




49-3 


150 


160 





50-2 


100 


360 




501 


160 


200 





61-6 


160 


400 




43-5 


76 


200 





36-2 


76 


400 




38-4 


— 


200 


1 


30-7 




400 


2 


43-4 





200 


76 


37-5 




400 


76 


51-7 


— 


200 


160 


60-7 




400 


160 



7. Plot the example in fig. 88, taking the formation level at 
A the sanae as the reduced level, and a gradient therefrom of 1 
in 20. Plot the longitudinal section, the cross sections, and 
the plan, and find the volumes of cutting and embankment, and 
the area of' ground in plan. The formation width to be 40 feet. 
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CHAPTEE IV. 
TRIANGULATION SURVEYS. 

Object and Procedure.— One of the principal 
difficulties in surveying is to obtain accurate measure- 
ments of horizontal distances, especially on uneven 
ground, and these errors tend to accumulate. 

Hence in big surveys it is usual to cover the area 
with a number of isolated points or stations as shown 
in fig. 107, each station being visible from every 




other station with which it is connected by a line in 
the figure. Only one of the sides (which in ordinary 
triangulations are, say, from -^ mile to 5 or 10 miles 
long) need be suitable for direct measurement, but 
this one, say A6, must be measured with extraordinary 
precautions to ensure accuracy. Then all the angles 
of all the triangles shown are measured with very 
great accuracy, and, starting from the triangle ABF, 
(156) 
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of which one side is known, all the remaining sides 
are calculated, each triangle, in turn; being solved from 
one side and the three angles. Finally, when all 
sides and angles are known, any closed circuit is 
chosen (say as shown by the thickened lines) so as 
to pass through all the stations and close back to the 
starting-point, and this figure is then treated as a 
traverse and the co-ordinates calculated. 

When the survey is bigger, the stations are divided 
into districts, as a rule, so as to make a number of 
traverses, instead of one very big one. 

The advantage of this method is that the positions 
of the points are fixed entirely by angular measure- 
ments, which can be taken much more accurately 
than is practically possible with linear measurements. 

Then, starting from any station E, the details are 
surveyed in all directions by chain surveying, travers- 
ing, or whatever method may be desired, and, when 
we arrive near any other station, say J, the work is 
checked on to that station by measuring to it ; there 
will nearly always be some error ; but this error will 
not have had time (so to speak) to accumulate to a 
very large amount in the distance between stations, 
and it can then be distri- 
buted over the various 
small stations between, 
so as to make the position 
of J from the detailed 
survey agree with its Fio. 108. 

position from the tri- 
angulation. 

Thus in fig. 108, we might start from B, take 
traverse stations 1, 2, 3, etc., and, taking F as back- 
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station, observe the included angles, FEI, E12, etc. 
Then get the bearing of FE from the triangulation 
(FE, not EF) and, haying chained the distances El, 
12, etc., we start with the co-ordinates of E already 
known, and calculate the remaining co-ordinates to 
J, which should agree with those from the triangu- 
lation. 

Any small' error is distributed by the rules already 
given (see Traverse Surveying). 

If 5 be the station before J, and we observe the 
angle 5 JH, we have an independent check on the 
angular measurements, for we can get the bearing of 
JH from the triangulation sheets. 

Then by the rules for calculating bearings we 
have : Bearing of JH — Bearing of FE = sum of ob- 
served included angles — n x 180°, where n is some 
integer. The left-hand side of this equation is known 
from the triangulation. We can then continue the 
traverse in the same way. These traverse lines can 
then be used as base lines for chain or other surveys. 

Branch Traverses. — The student must note care- 
fully that when a traverse branches ofif from a 
triangulation, as in this case, or from another traverse, 
he must be careful to connect up the new work with 
the old, by observing the angle between the first new 
line (in this case E 1) and a line of the previous or 
main survey, in this case EF. Other instances are 
given in example No. 6, p. 90. 

Measurement of Base Lines.— A complete dis- 
cussion of the measurement of the base line AB, so 
as to ensure the highest possible accuracy, is beyond 
the scope of this book. It must suffice to note that 
the chief difficulties are to follow the ever- varying 



Digitized 



by Google 



TRIANGULATION SURVEYS 159 

length of the rod, or tape, employed (in consequence 
of changes in temperature, humidity, etc.) and to fix 
the exact point at which one rod, tape, or chain ends, 
and to ensure that the next shall either hegin from 
exactly the same point, or, if not, that the distance 
between the end of one and the beginning of the other 
shall be accurately known. 

For a description of the methods and artifices 
which have been used in the past to overcome these 
difficulties, and an account of the results achieved, 
the student is referred to larger works on surveying. 

We may mention here, however, that the steel 
tape, used in some such way as described on p. 85, 
is sometimes used for small surveys. 

For more extensive surveys, invar tapes are some- 
times used now. This is an alloy of nickel and steel, 
in which it appears that with a rising temperature 
certain molecular changes take place, producing a 
contraction which very nearly balances the expansion 
produced by the rising temperature. Thus the 
temperature effect is extremely small. 

For a paper and an important discussion dealing 
largely with this subject, the reader is referred to the 
" Proceedings of the Irish Institution of Civil En- 
gineers " for the year 1906. 

The various corrections to the measured base are 
applied as described on pp. 85 to 87. 

Sometimes, however, the tape is stretched between 

pegs, instead of being allowed to lie along the ground. 

In this case an additional correction for sag must be 

L /WL\2 
introduced. Its value per chain is 57 ( ~t^ ) > where 

L = length of chain, = distance between pegs ; T = 
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tension on chain; W = weight per foot, both in 
pounds. This correction is to be subtracted. 

Measurement of Angles. — The instrument most 
often used for measuring the angles is a transit 
theodolite. 

The general method of using a theodolite has al- 
ready been described, but there are many special 
precautions which have to be observed when great 
accuracy is required. The errors to which the angles 
are liable may be divided into three groups : — 

(a) Non-instrumental errors. 

(b) Instrumental errors. 

(c) Accidental errors, to which no definite cause 

can be assigned, and which may or may 
, not be instrumental. 

Non-instrumental Errors. — Non-instrumental er- 
rors are due to : (1) Bad centring over the station ; 
(2) observing to a high point on a signal which is not 
truly vertical. This can only be remedied by having 
the signals stayed in that position, or by having 
some one in charge of each during observation ; (3) 
atmospheric refraction, which is avoided by observing 
on dull calm days, or with luminous signals at night ; 
and (4) personal bias, whereby it appears that each 
observer, when bringing the spider lines on to a sig- 
nal by means of the tangent screw, has always the 
tendency to either go too far, or not far enough, ac- 
cording to the observer's individuality. This is 
partially eliminated by bringing the hairs on to the 
signal from left to rights say, for the first reading, and 
from right to left for the second round. 

Instrumental Errors. — Instrumental errors are 
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those which arise in consequence of some fault in 
the instrument itself. These are : — 

(1) The error due to irregular graduation of the 
circle. This can be overcome by the method of 
"repetition," already referred to (see p. 66). 

But repetition is a tedious process when applied to 
several angles at the same 
station, and it eliminates no 
other errors. Hence it is usual 
to read all the angles at any 
station, say D (fig. 109) in a 
continuous rounds as it is called, 
starting from any one, say C, 
as zero, and working right 
round the circle back to 360° 
at G, taking the reading at each station, and finding 
the angles by repeated subtraction. 

Both verniers are read at each station (there are 
usually two on the smaller theodolites but often 
three on the larger sizes), thus giving all angles on 
two (or three) parts of the scale. 

Having completed the round, we turn the lower 
plate through 90° (as well as we can judge by eye) 
and clamp it in that position. Then turn the tele- 
scope over, revolving it in a vertical plane, round the 
horizontal axis, and then turn the upper plate so as 
to look again at the first station G, and take the 
reading there, and then at each other station, reading 
both verniers and finding the angles by repeated sub- 
traction as before. 

This process of turning the telescope over, is known 
as " reversing face,'* and the method here described 
of measuring the angles with ** both faces," and with 
11 
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other special precautions, is sometimes called reitera- 
tion, to distinguish it from repetition, already de- 
scribed. 

So far as the elimination of graduation errors goes, 
it will be seen that by turning the bottom plate 
through about 90°, and reading both verniers, each 
angle is obtained on four different parts of the scale. 
If there are three verniers, we turn the bottom 
plate through about GO"*, and get each angle on six 
different parts of the scale. 
(2) Errors of eccentricity. 

The centre of the vertical axis, round which the 
upper plate and verniers revolve, should be in exact 
agreement with the centre of the graduated circle. 
But it is obviously almost impossible to secure this 
absolutely, and, to take an exaggerated case, let C 
be the centre of the graduated circle, and C^ the 
centre of the vertical axis. 
Now suppose we start with 
vernier number 1 at O, and 
vernier number 2 at P, and 
turn the instrument until 
vernier number 1 comes to 
A. Then as the turning 
Fig. 110. takes place round C^, the 

angle described is OOiA. Now draw B^CB parallel 
to CjA. Then OCB = OCiA. But the arc OB on 
the graduated circle measures the angle OCB, and 
gives the true measure therefore of the angle OCjA. 
Whereas the vernier reading gives the measure of 
the arc OA, and hence too small a value for the 
angle described. 

But vernier number 2 will be at A^ when number 
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1 is at A. Hence the arc measured by number 2 
vernier will be PAp whereas the true angle is meas- 
ured by the arc PB^. Hence the value given by 
this vernier will be too great by the arc B^Aj which 
is practically equal to AB. 

Hence this error is eliminated by reading both 
verniers and taking the mmn. 

It can be similarly shown that the error is elimin- 
ated by taking the mean of any number of equidis- 
tant verniers. 

(3) Errors due to faulty adjustment. 

There are certain ** permanent adjustments" in 
the theodolite, as in the level, which can be checked, 
and, if necessary, corrected by the surveyor from 
time to time without the aid of the instrument- 
maker. Any error in these may lead to some error 
in the angles, unless the instrument is used so as to 
eliminate them. 

It is proposed to treat them separately now. 

Permanent Adjustments of Theodolite.— (a) To 
make the plate levels perpendicular to the vertical axis. 

Set one of the plate levels parallel to two op- 
posite plate screws. The other level is usually at 
right angles. Clamp the outer axis (that is the 
lower limb or plate) and bring both bubbles central, 
the upper plate being undamped. Then turn the 
instrument through '180°, and if either bubble moves 
correct half the movement by the screws which sup- 
port that bubble, and the other half by the plate 
screw or screws. Bepeat till perfect. If there is 
only one level, work in the same way as described 
for the second adjustment of the Dumpy leveL The 
principle of the two adjustments is the same. 
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When both bubbles remain central in all positions, 
clamp the upper plate and unclamp the lower, and 
turn the instrument. If the bubbles move, the axes 
are not parallel. This is technically described by 
saying that the centres are out of truths and it can 
only be remedied by the maker. 

Any slight error in the adjustment of these levels 
is of little importance. Hence the levels are seldom 
very sensitive. 

(b) To make the line of collimation perpenMcular to 
the trunnion axis (or horizontal axis). 

If fig. Ill represent a plan of the telescope when 

horizontal, and AB be the trun- 

'qI nion axis, then the line of col- 

rpTI limation (along which we read) 

^ I / should be perpendicular to AB, 

^ I V i_^ as shown by CD. Then when 

/?^7-- J- -^^ the telescope is revolved round 
^^ '' ^ ^ AB, the line of coUimation will 

describe a true plane, perpen- 
dicular to AB. But if the line 
7Ujy of collimation be in a direction 

^^^ such as EF, then it will de- 

Fio. 111. scribe a double cone, and if the 

telescope be turned over vertically for half a revolu- 
tion, E and F will move to E^ and F^, and we will be 
looking along EjE^, whereas before we were looking 
along EF. 

Hence to test for this error, choose a piece of level 
ground, say about 400 or 500 feet across, and set up 
the theodolite near the middle, and level it. 

Let fig. 112 be a plan, and let AB be the direction 
of the trunnion axis, and CD the perpendicular to 
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it, with whioh the line of collimation should corre- 
spond. If not, let OE be the direction of the latter, 
and a the angular error. .'. DOE = a. 

Direct the instrument carefully on to any well- 
marked point E, with both horizontal motions 
clamped, and the telescope horizontal or very 
nearly so. 

Now unclamp the vertical motion, and turn the 
telescope over, round AB as axis, OE^ will now be 
the line of collimation. Bring the telescope about 
horizontal, and direct an assistant to make a mark E^ 
in line with the cross hairs, the observer signalling 
him into position. 




Then unclamp the upper horizontal plate, and 
turn the instrument in a horizontal direction, round 
the vertical axis, so as to bring the line of collimation 
back to the point E. It is evident, as shown by the 
arrow, that the horizontal angle described will be 
180° - 2a. 

B will move to B^, A to A^, C to Cj and D to D^, 
so that BOB^ = DOD^ = 180° - 2a. A^B^ is the 
new position of the trunnion axis, C^D^ that of the 
perpendicular, and OE that of the line of col- 
limation. 
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Now uQolamp the vertical motion, and turn the 
telescope over again, round AjBj as axis. B will 
move to Eg, and OBg will be the line of collimation. 
Direct the assistant to make a mark at Eg in line 
with the hairs. Then if there is an error. Eg will 
not coincide with E^. Evidently EjOEg = 4a ; and 
DjOEg = a. Hence we may take EgD^ = i x 
Eg . Ep Hence we mark D^ to satisfy this, and 
then tm-n the diaphragm screws to bring the hairs 
into coincidence with Dj. The line of collimation 
will tJien coincide with the perpendicular OD^. 

Any small error in this adjustment produces little 
or no effect on vertical* angles. It is fortunate that 
the effect is negligible, for it cannot be eliminated by 
reversing face. The effect on horizontal angles be- 
tween objects at different altitudes may, however, be 
considerable. 

Thus one minute of collimation error, will produce 
errors of 1', 2', or 11', in the horizontal angle between 
two points, one horizontal and the other at an alti- 
tude of 60°, 70", or 85** respectively. 

This error, fortunately, is eliminated by reversing 
face. 

It is well to have a wall on which to make the 
marks E^, Eg, Dp 

(c) To make the horizontal or trunnion axis per- 
pendicular to the vertical axis. 

Referring to fig. 113, which in this case is an 
elevation, if AB be the axis, which is not horizontal, 
then assuming that the line of collimation is now 
perpendicular to it, that line will now describe an 
inclined plane EF (instead of the vertical plane CD) 
when the telescope is revolved round AB. 
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Hence to test the adjustment, set up near a high 
building or other object, so as to be able to get an 
angle of elevation of about 45° to some well-marked 
point, say the tip of a lightning conductor, E. Level 
up very carefully, as if for vertical angles (see p. 171), 
taking care that the legs are well pressed down, and 
keeping the outer axis clamped all the time. Then 
direct on to E, fig. 114, unclamp the vertical motion, 
and turn the telescope down as low as possible, so as 
to look at points preferably not less than 20 or 30 
feet away. Mark a point F in line with the hairs. 





Fig. 114. 

Then E and F, if there is any error, will lie in an 
inclined plane as shown. The figure assumes that 
the left end of the horizontal axis is too high. Now 
reverse face. That is, turn the telescope over 
vertically, and then round horizontally (unclamping 
the upper plate for this) so as to look back at E. 

The horizontal axis is now reversed. The high 
end will be on the right, and if we turn the telescope 
down again it will describe the plane EF^ sloping the 
opposite way. Mark the point F^ in line with the 
hairs, then mark D midway between F and F^. 
Then ED is the true vertical plane which the line of 
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oollimatioQ should describe. If F^ is to the right of 
F, the right end of the horizontal axis (as seen in 
the second position) is too high. One end of the axis 
is adjustable by a pair of capstan-headed screws, 
by means of which we raise or lower that end a 
little, as may be required. Then reset on E, and 
come down again and note the point F^ at which 
we arrive. Then adjust again accordingly, and in a 
few trials we will move correctly from E to D. 

Both screws must be tight at the end of the ad- 
justment. See the remarks on p. 143. 

A second method is by the striding level. This in- 
strument is not supplied with all theodolites, but if 
there is one, to test this adjustment level up with care 
as above, and place the striding level across the hori- 
zontal axis. Gall one end of the striding level A, the 
other B. 

Then suppose we place the level on so that A is 
on our right as we face 
^M y j^^ . . 1^ fli " 'A' ' 'i !^ the instrument. Then 
read both ends of the 
level. The tube is gradu- 
ated as shown, and the reading is taken from the 
centre outwards. Thus in the figure the readings 
would be entered as 

A, on right, 96 ; B, on left, 6-8. 

Then reverse the striding level, so that A is on 
the left, and read again. 

Add up the left readings, and add up the right 
readings, and one-quarter the difference will give the 
error in the horizontal axis. 
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Thus suppose we have : — 

A on right 9*6, B on left 6*8 
B on right 8*8, A on left 7*6 



184 15-4 

left = 15-4 
4 )3-0 
0-75 

Hence the error is 0*75 of one division on the 
tube ; and the right end is too high (as the readings 
there add up the higher). 

Hence we must adjust the movable end of the 
axis to bring the right reading down by 0*75 ; that 
is, leaving the level in the last position, we must 
bring the right end of the bubble to 8*8 - -75 = 8*05 
and the left end to 7'6 + 075 = 8-35. 

The proof is beyond the scope of this work. If 
this method is used, this adjustment may be made 
before adjustment {b). But if the first method be 
adopted, as here described, then the order of ad- 
justment must be as here given. 

The writer wishes to lay stress on this point, be- 
cause many books are in error with regard to it, and 
any error in adjustment (b) would affect^he adjust- 
ment of the horizontal axis if done by the first method. 

Any error in this adjustment causes a negligible 
error in vertical angles, which, however, is not elim- 
inated by reversing face. The error in the horizontal 
angle between two points at different altitudes may 
be considerable, but is eliminated by reversing face. 

A slope of one minute in the horizontal axis will 
cause errors in the angle between two points of the 
same order as the coliimation error. 
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(d) To make the line of collimation pa/rallel to the 
spirit level on the telescope. 

This adjustment can be made by the same method, 
and in the same way, as described for the Dumpy 
level, if the level is attached to the telescope. 

In many theodolites, however, the level is on the 
T-piece which carries the verniers of the vertical 
arc. 

In this case the line of collimation should be 
parallel to it when the vernier reads zero only, and 
to test the adjustment, level up, aim the telescope at 
any well-marked point, then bring the bubble exactly 
central by the **clip screw,'* or T-antagonisdng 
screws, at the side, and then adjust the hairs so as 
to exactly bisect the point, using the tangent screw. 
See that the bubble is still central, and read the 
vertical angle. Then reverse face and repeat. If 
the two results are not the same, there is an error. 
Set the vernier to read the mean of the two readings, 
and then bring the hairs back to the mark by the clip 
screw. This throws the bubble out, and we bring it 
back to the centre by the screws which support 
it. 

The mean reading is the correct angle of ele- 
vation, so that this error is eliminated by reversing 
face. 

Frequently, instead of trying to correct the error, 
we take half the difference between the observed 
angles, which is the correction to be added with one 
face, and subtracted with the other. This correction 
is called the index error y and should be found fre- 
quently, as it is apt to vary. 
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Thus if the angles observed are : — ' 

face left 3° 21' 30" 

„ right 3° 5' V' 

2) 16' 30" 

index error = 8' 16", to be added to all 
observed angles of elevation if face right, and sub- 
tracted if face left. 

To angles of depression, the rules are reversed, as 
these angles are minus. 

If the level is on the telescope, we may find the 
index error in the same way, but in this case we 
cannot correct the bubble for each reading, hence 
we must level up with great care, as if for vertical 
angles (see below) to start with. 

Levelling for Vertical Angles. — Where vertical 
angles are to be read as well as horizontal (for 
instance in taoheometry, and usually in triangulation) 
the levelling must be. very carefully done. 

First level up with the plate levels. Then if the 
upper bubble is on the telescope, set the vertical 
vernier carefully to zero. But this is unnecessary if 
the level is on the T-piece. 

Next look at the upper bubble, and if it is not 
central, bring it so by the clip-screws. {Note : we 
here assume, to start with, that the vertical axis has 
been brought truly vertical by the plate levels ; then 
this last adjustment will bring the upper bubble per- 
pendicular to it, and all will be right. But if it be 
not truly vertical, we have introduced two equal and 
opposite errors as in fig. 102, p. 144, and we will 
have a bubble movement equal to the sum of these 
errors if we turn the instrument through 180°.) 
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Then turn horizontally through 180^ and if the 
upper huhble moves, correct half the movement by 
the olip screws, and half by the plate screws. Then 
through 90°, and correct aU with the plate screws. 
Everything should again be perfect. Turn through 
180°, and correct half of any movement with the 
clip screws and half with the plate screws. Then 
through 90°, and all with the plate screws, and so on 
till perfect. 

After the first station, the clip screws should ac- 
quire little adjustment, and it may save some time, 
when we first look at the upper bubble, to correct 
any error with the plate screws instead of the clip. 

While the levelling is being done, the outer axis 
should be clamped. Then clamp the inner axis, un- 
clamp the outer, and turn the instrument. If the 
bubbles move the centres are out of truth, and the 
instrumeflt cannot be used for accurate measurement 
of vertical angles, unless we either use the level on 
the T-piece and correct it for each reading, or clamp 
the bottom plate in position before levelling. 

Comparison of Theodolites.— The size of a theo- 
dolite is technically fixed by the diameter of the 
graduated circle. A 4 or 5 -inch theodolite usually 
reads to 1 minute, or sometimes 30 seconds, of angle. 
A 6-inch reads to about 10 seconds. 

There are many different methods of graduating 
the vertical circle. The only point upon which the 
writer would insist is that the system of numbering 
should be such that, given the face, the reading itself 
should tell whether the angle is elevation or 
depression. 

For this reason the writer declines to have a 
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Fig. 116. 



theodolite which reads zero on the horizontal and up 
and down from that, as in Fig. 116. 

Not only is it necessary to specially note which 
way the angle is, but the figures 
on the vernier must run in the 
same direction as those on the 
main scale. And as these run 
in opposite directions, we must 
have two sets of figures on the 
vernier, one for angles of ele- 
vation, and the other for de- 
pressions, and there is always the possibility of read- 
ing the wrong set of figures. 

Supposing this condition satisfied, the method of 
finding the angle of elevation or depression for any 
given reading will depend upon the exact system of 
graduation, and upon the face used, and must be 
studied on the instrument. 

As regards the upper level, the writer thinks it is 
best on the T-piece in theodolites, where vertical 
angles, if measured at all, are usually measured with 
both faces, as in triangulation or astronomical work. 
Because in this case the bubble can be watched all 
the time, while the index error cancels out. But 
where readings are taken with only one face, as, for 
instance, in ordinary tacheometry, he prefers' the 
level on the telescope as the connexion between it 
and the line of coUimation is then more rigid, and 
once the level is adjusted, it is less likely to develop 
a variable index error. 

If there are two levels, use the one on the T-piece 
for readings with both faces, and the one on the 
telescope when using only one face. 
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Hints to Beginners. — Beginners should note that 
the plumb-bobs are liable to unscrew, either at the 
bob itself or at the top, and must be attended to. It 
is best to place the bob in the pocket when moving 
the instrument from station to station. 

In wet weather water sometimes gets between the 
parts of the object glass. In this case it must be 
unscrewed for cleaning, but great care must be taken 
to put the parts back in the same positions; the 
cleaning should be done with a soft cloth, and, before 
unscrewing the object glass, a mark should be made 
to enable it to be screwed up again to the same point. 
Otherwise the line of collimation may be thrown out 
of adjustment. 

Face. — A reading taken with the vertical circle on 
the observer's left as he looks through the eyepiece, 
is usually said to be a " face left '' reading ; when we 
turn the telescope over, the vertical circle will be on 
the rightj and the reading is a '' face right " one. 

Final Adjustment of Angles. — When all known 
sources of error have been eliminated, there will 
still remain accidental errors in the angles. These 
must be detected and scientifically adjusted in accord- 
ance with mathematical principles. This adjustment 
is beyond the scope of this book however. 

The corrected angles are then used for the final 
computation of sides. 

The Three-Point Problem. — Given the co- 
ordinates of three triangulation stations. A, B, C, it 
is required to find the co-ordinates of an unknown 
point X, by observing the angles from X to A, B, 
andC. 

This problem arises sometimes when it is desired 
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for any reason to fix a new triangulation station at 
some point X, say to 
check up some important 
work there, or when it is 
desired to start say a 
tacheometric survey at a 
point X previously un- 
fixed, and to connect it 
up with a pre-existing 
triangulation ABC. 

From the triangulation 
sheets, or from the co-ordinates, we can find the 
lengths and bearings of AB, BC, and CA, and the 
angles between them, as described in chapter ii. (pp. 
81 to 83). 

Now suppose the angles B and ^ are observed 

(fig. 117). 

m,^ t^ . , xTT^ A ^X sin BAX 

Then m the triangle XBA, pp = — -, — ^— 

Ajj Sin Q 

and in the triangle XBC, g^^ = -. — =ppy. 

^ ,^. ,. ^. BC sin BAX sin 6 
By multiplication ^ = ^-^^^g^ 

sin BAX BC sin 6 



sin B 
= k, say, 



• • sin BCX AB ' sin 4> 

where h can be calculated, as all the terms are 
known. 

Now BAX + BCX + ABC + AXC = 360° 
.-. BAX + BCX = 360° - ABC - (^ + </>) = A, say. 
Here A can be calculated, as ABC, 0, and <^, are 
all known. 

Thus we know the ratio „._ pn^r = h 



sin BCX 



and the sum BAX + BCX = A. 
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The first step is to find each of these angles, BAX 
and BOX. 

Now BAX = A - BOX. 

sin(A - BOX) sin A . cos BOX - sin BOX . cos A 
•'•*~ sin BOX "" an BOX 

= sin A . cot BOX - cos A. 

.-. cot BOX = ^ "^. ^^f ^ = h . cosec A + cot A. 
sin A 



This gives BOX. Then BAX = A - BOX. 

Then CAX = BAX - BAG, 

andACX = BOX - BOA. 

Then solve the triangle ACX from three angles 
and the side AC, to find AX and CX. 

Lastly, given the bearing of BA, and the angle 
BAX, we can find the bearing of AX, and hence the 
difference of latitude and departure from A to X, and 
the co-ordinates of X. Check by working from 
CtoX. 

If the points be so arranged that a circle will pass 
throiijgh A, B, C, and X, then BAX + BCX = 180^ 
In this case sin BAX = sin BCX, and the value of 
k is independent of the actual values of these angles, 
so that the problem becomes insoluble. In fact X 
might lie at any point on the circle, and the angles $ 
and <^ would be the same. The more nearly the 
value of A approaches to 180°, the less reliance we 
can place on the results. Hence the points should 
be chosen so that a circle will not pass through 
them. A fairly good result is generally obtained if 
A, B, and C can be so chosen that X lies inside the 
triangle ABC. 

Graphical Solution. — Graphically, set ofif BAD 
= $, and draw AO^ perpendicular to AD (fig. 118). 
Bisect AB at E, and erect a perpendicular EOi. 
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The point O^ is the centre of a circle passing through 
A, B, and X. Similarly find Og from the line BC, 
and the point X in which the circles meet is the re- 
quired point. This construction is probably not 
very often used. 

In hydrographic work the angles B and ^ are laid 
off on tracing paper or on an instrument called a 
" Station pointer *' (for which see the catalogues), and 
this is then moved about on the drawing until the 





Fig. 118. 



Fig. 119. 



rays pass through the points A, B, C. This has the 
disadvantage of not exhibiting clearly the accuracy 
(or otherwise) of the fix, while in the construction 
above, if O^ and Og are not close together, and the 
circles meet at a good angle, we know that the fix is 
probably good. 

Satellite Stations. — Suppose A, B, C, D are four 
stations forming a polygon, and it is desired to take 
a central station at or about the position E. No 
point can be found there, from which we can see to 
A, B, C, and D, but at B there is, say, a church spire 
or a big tree on which we can fix a flag, that would 
be visible from all those points, but at which we 
could not conveniently set up a theodolite. At Bj 
12 
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Fig. 120. 



we find a point from which we can see A, C, and D 

as well as B ; and from Eg we can see A, B, C, 

andE. 

Then we observe to E, from the . surrounding 
stations, and take E as the 
true central station, but ob- 
serve the central angles 
from Ej and Eg. It is re- 
quired to find from these 
what the values of these 
angles would have been if 
observed at E itself. 
Thus in fig. 120, given AEgB, it is required to 

find AEB. 

Now AEgN = AEN + EAE^ 
and BEgN = BEN + EBEg 
by subtraction, AEgB = AEB + EAEg - EBEg 
that is, AEB = AEgB - EAEg + EBEg. 

The angle EAEg and EBEg may, if B^ and Eg are 
fixed in time, be observed from A and B while the 
theodolites are there. But if not they can be fairly 
easily calculated.^ 

AB will be known, at any rate approximately, 
from the previous work, and AE and BE can there- 
fore be approximately found from the angles at A 
and B. Then EgE must be found, either by direct 
measurement, or indirectly, say by measuring a base 
E2E3 and reading the angles E^E^E, and E3E2E. 

EE, sinEBE, 
±nen ^^ - ^.^ ^^^ 

EEo 
.-. sin EBE2 = gg^ . sin EE.^B. 
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EEgB is directly observed, and the other quanti- 
ties found as above. SAE^ is found in the same way. 

If the line EE^ passes inside the triangle — as in 
the case of BCE — ^the forsEiula is slightly modified. 
It is easy to show that it be<;omes BEC « BE^O - 
EBEg - ECEg. 

Reduction of Base to Sea L^veU — Referring to 
fig. 121, if AB be a measured basa^ at a height BC 
above mean sea level, it is desirable to reduce it to 
its equivalent length CD at sea level, that, this being 
done for all countries, surveys of adjacent countries 
may join together properly. 



J? =^5 




Pio. 121. 

Obviously if 00 = r = radius of Earth 
and BO = h = height of base, 

then OD = AB . - '^ = AB^^) = AB(^1 + Jy' 

.•. the correction to be applied 

= OD - AB = AB {l - - - l| = - AB . - very 

nearly. 

Sketch Surveys.— A simple kind of survey, 
sometimes called a triangulation survey, but better 
described as a sketch survey, is carried out by 
measuring a base line AB (fig. 122) and from the 
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ends of it, reading the angles to leading points 1, 2, 
3, etc., on the ground to be surveyed. 

A sketch is made on the ground showing these 
poiats with numbers attached to correspond with the* 
numbers in the angle book. The sketch shows how 
all the details lie with respect to these points and to 
the base line. The base line is first plotted. Then 
the measured angles are laid oS, to fix the points by 
intersecting rays, and the details filled in by eye 
from the sketch. 

The angles may be measured by theodolite, or by 
the prismatic compass, in which case we read the 
bearing of AB both at A and at B, and also the bear- 
ings of all other points. 

Exercises for Ebvision. 

1. A steel tape is 100 feet long with a pull of 18 lb., at a 
temperature of 62° F. Sectional area *01 sq. in. 

It is used to measure a base with a pull of 25 lb. at a tem- 
perature of 70°. The tape is stretched between pegs at the 
ends, so as to hang clear of the ground, and the rise for each 
chain, from peg to peg, is as follows, viz., + 0*82 ; + 1*21 ; 
+ 1-28; + 1-06; + 0-24; - 0-45; - 0-48; - 0-89; 
- 1-26 ; + -12 ; + 1-24 feet. 

A minus result means a fall. For the last fraction of a 
chain the rise is 0*55. 

The tape weighs -03 lb. per foot length, and the mean of 
three measurements gives 1148*24 feet. 

Find the corrections for (a) slope ; (6) tension ; (c) tempera- 
ture ; {d) sag ; also the corrected length of the base line. 

2. Find the index error of a transit theodolite, if the angles 
of elevation as observed to a fixed point are : 

face left, 5° 17' 10" 
face right, 5° 21' 40", 
and find the corrected angles if the following angles of eleva- 
tion are observed, 

face left, {a) + 2° 12' 10" ; (b) - T 54' 20". 
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3. The readings of a striding level on a trunnion axis are :— 

A on left, 10-0 ; B on right, 3-8 

B on left, 6-6 ; A on right, 7-2 
Find the values to which the B ^nd A readings must he cor- 
rected, the level remaining in the last position, that the axis 
may he horizontal. 

4. Given AB = 2127-2 feet ; BC = 2987-6 feet ; and angle 
ABC = 102° 15' ; also e = 91° 24', and tp = 48° 12', in fig. 117, 
find the angle BAX and BOX. Then find the angle ABX and 
the length BX, and calculate the co-ordinates of X if B is 5796-4 
N. and 9694-2 E., and the bearing of AB is 67° 10' E. of N. 

6. Referring to fig. 120, if E^Eg = 200 feet, CE = 3876-8 ; 
BE = 4969*5, and the following angles are observed, namely 
EjEjE = 60° 12'; E^EjE = 47° 10' ; EEjB = 116° 12' ; 
EEjC = 251° 18' ; find (a) the angle E^BE ; (6) the angle 
EGEs ; (c) the angle BEG. 

Also find the angle AEB if AE = 6912-4 feet, and EE^A 
= 60° 12'. 

6. Distinguish between a traverse and a triangnlation sur- 
vey as regards (a) the immediate object to be achieved ; (6) the 
method of field work. 

7. Find the length of the base in Q. 1, reduced to mean sea 
level if the mean height above sea level is 586-8 feet, and the 
mean radius of the Earth be taken as 20,926,000 ft. 
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CHAPTER V. 

TACHEOMETBIC SURVEYING. 

General Account. — ^Tacheometry is a method of 
surveying in which the instrument is set up at a 
station A, and a graduated staff is held at the points, 
1, 2, 3, etc. (fig. 123), which are to be shown. By ' 
reading the length of staff 
intercepted between two 
spider lines in the instru- 
ment, it is possible to find 
the distances Al, A2, etc., 
from the instrument to the 
staff ; the horizontal angles 
between the rays, Al, etc., are measured at the same 
time with the tacheometer, each angle being usually 
taken from some known or standard direction. 

Knowing the angles and distances it is obvious 
that we can plot the positions of the points 1, 2, etc., 
and these points are then joined up according to a 
sketch made in the field book on the ground. 

Tacheometer. — The tacheometer is similar to a 
theodolite in every respect, except in the arrangement 
of the spider lines in the diaphragm. 

The usual arrangement consists of five horizontal 
lines as shown in fig. 124, and one vertical line. 
Only the three hairs a, b, c, will be considered for 
(182) 



Digitized 



by Google 



TACHEOMETRIO SURVEYING 



183 



the moment^ ^md it is to be understood that, in use, 
we look at a staff, like a levelling staff, held on the 
point which we desire to fix, and read where it is 
intersected by each of the hairs a, 6, c. 




Pig. 124. 

Principle of the Method.— Referring to fig. 125, 
let ABC be the stafi^ O the object glass, and F the 
principal focus of the object glass, outside the tele- 
scope. Also let a, 6, c be the cross-sectional view of 
the hairs. Then when the staff is focussed, the 
image of A is at a, and that of B at b. 



a a, 




-4v^ 


h b, 




Id — ~-^ 


c c. 


D 


JgU^ 




Fig. 126. 
Now of all the rays which go to form the image, 
consider those which, inside the telescope, are paral- 
lel to the axis Oh. Outside the telescope these rays 
must have passed through F, and must there have 
made a constant angle with the axis OB, whatever 
the focus ; for in altering the focus, we simply move 
the hairs a, c, parallel to 60, as shown at a^, c^, and 
hence do not alter the direction of the rays con- 
sidered. 
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Therefore, wherever the staff may be, we have by 
similar triangles, 

FB _ FO FO 

AB "^ OK ' ab' 

neglecting the thickness of the lens. 

FO 
.•.FB=AB.-,. 

But AC = 2AB ; and ac = 2ab, if the hairs are 

equidistant. 

FO 
Hence FB= AC— • 
ac 

Now FB is the distance of the staff from the focus 
F of the object glass ; AC is the length of staff in- 
tercepted between the hairs a and c, and is found by 
subtracting the reading of a from the reading of c* 
It is called the staff intercept, and is usually denoted 
by 5. 

FO is the focal length of the object glass, denoted 

by / ; ac is the distance between the outer hairs, and 

is the length of the image of AC ; it is denoted by i. 

f 
Hence FB = s x -• If D be the centre of the 
I 

instrument, the distance DB is really required, in- 
stead of FB. But the length FD is constant. It is 
called the additive constant, and if we denote it by 
h, we have 

DB = s X % + A;. 
1 

The ratio ~. is called the multiplying constant. It 

is the aim of the maker to so adjust the hairs that its 
value may be some round number, usually 100, and 
it is usual for the makers to inform the purchaser of 
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this value, as well as of the value of the additive 
constant k. 

No careful surveyor, however, will trust the word 
of the makers as to the value of the constants, and 
they should always be tested. 

For this purpose find k independently as follows : 
focus the hairs distinctly by moving the eye-piece, 
and then focus the telescope on some distant object, 
and measure the distance from the object glass to the 
diaphragm screws. This gives the focal length /, 
and the value of FO. Then measure from the object 
glass to the trunnion axis. This gives OD, and the 
two are added to find FD, or k. 

Then, on level ground, measure out distances 
of, say, 100, 200, and 300 feet from the centre of 
the instrument, and read the staff at each position, 
the telescope being horizontal, or nearly so, and 
great ^are being taken to see that the staff is vertical 
for all readings. 

Let 5i, Sg* h* ^® ^^® ^^^^ intercepts. 

Then 100 = «i x { + k. 

f 
200 = §2 X -: + At, and so on ; 

/ 
At, 8j, and 8^ being known, ". can be found from each 

of these equations. The various values should agree 

closely, and, if so, the mean is taken. 

Sometimes the equations are solved in pairs, sim- 

/ 
ultaneously, to find k, as well as -, instead of finding 

k directly. 

In addition to this test, the same permanent ad- 
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justments require attention as in the transit theodolite, 
and in particular the index error for vertical angles 
must be known, or, preferably corrected (see pp. 170 
and 171), for, as we shall see, there is much work 
with vertical angles in tacheometry. 

Anallatic Lens. — To avoid the necessity <d adding 
the constant k for each point, Porro of Milan inserted 
«& extra lens, which he called an anallatic lens. 
This is represented by K in fig. 126, O being the 
object glass. / 

Following out the same rays as before, from a and 




c backwards, they must pass through the focus F of 
the anallatic lenSj at a constant angle, fierce (as 
K and O are fixed with respect to one another) they 
will strike the object glass O at fixed points G and 
H, and in fixed directions. Consequently their paths 
GO and HA, outside of the object glass, will be 
fixed also, and, if produced backwards, they will 
therefore meet the axis of the telescope in a fixed 
point D, and at a fixed angle. 

These both depend upon four quantities, namely 
(a) the 'distance ac ; (6) and (c) the focal lengths of 
the anallatic lens and object glass ; {d) the distance 
between these lenses. 

It is the object of the maker to so adjust these 
quantities that D may coincide with the centre of 
the instrument, and that the constant angle BDG 
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may be such that its cotangent is some round number, 
usually 900. 

J^B ^^^ DB ,^^ 
Then gg = 200, or j^ = 100. 

Hence DB = 100 AC. 

The constant multiplier in this case is ^ cot BDG, 

and is no longer represented by< ; while there is no 

% 

additive constant, all distances being obtained directly 

from D. 

The value of the multiplying constant may be 
found experimentally as before, omitting k from the 
equations on p. 185. 

Although invented to avoid the additive constant, 
this is by no means the chief advantage of the 
anallatic lens. 

In the opinion of the writer spider's webs are the 
best lines for reading by, and it will be gathered that 
it is exceedingly difficult to adjust the distance be- 
tween them with such nicety that the constant 
multiplier shall be exactly 100, and even if they are 
specially mounted so as to be adjustable (of which 
the wisdom is doubtful), the very tiniest movement 
makes a big percentage difference. Now without the 
anallatic lens there is no remedy for this, and many 
surveyors have to use constant multipliers like, say, 
98*7, necessitating charts or special tables for finding 
the distances. 

But with an anallatic lens, we have seen that the 
constant multiplier 'depends upon the distance be- 
tween the lenses. Hence the, anallatic lens is 
mounted upon a special rack, and after proportioning 
all the rest as exactly as possible, a final adjustment 
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of the distance between the lenses is made by direct 
experiment so as to bring the constant multiplier 
exactly right. 

It is true that this slightly alters the position of 
D, but this effect is entirely negligible in comparison 
with the other. 

This use of the anallatic lens is well understood 
by English makers of surveying instruments, and 
some of them supply special keys, so that the adjust- 
ment can be tested, and if necessary corrected, from 
time to time. The writer recommends the young 
surveyor not to buy a tacheometer unless it is so 
fitted. 

Generally, therefore, we have 
distance = cs + A;, where c is the multiplying con- 
stant, and k is zero if there is an anallatic lens. 

This assumes that, as in the figures, the staff AG 
is at right angles to the axis of the instrument. 




Fig. 127. 



On Sloping Ground. — Now suppose the ground 
on which we are working slopes as shown in fig. 
127. Then with a vertical staff at F, we obtain an 
intercept AC, or s ; and, knowing the constants of 
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the instrument, we require to find the horizontal 
distance EG. 

In this case we require to read also the vertical 
angle HDB, which we will call a. This is read on 
the vertical arc. and corrected for index error, if any. 
It is evident that the instrument must be levelled up 
carefully, as on p. 171. 

Now AC is not perpendicular to the axis DB of 
the instrument, and the first step is to find what the 
intercept AC would have been if the staff had been 
perpendicular to DB. 

Draw CjAj perpendicular to DB. 

Then A^BA = 90° - HBD = HDB = a. 

And AA^B = DBCj - A^DB = 90° very nearly, 
as AjDB is very small. 

Hence ^^ = cos AjBA = cos a very nearly. 

.*. BAj = BA . cos a 
or A^Cj = AC . cos a = 3 . cos a. 
But DB = c X AjOj + fc, by the principle of the 
tacheometer. 

.*. DB = c . s . cos a + A;. 
But EG = DH = DB . cos a. 

.*. EG = C . 5 . cos ^a + fc COS a. 

The last term is usually taken as equal to k 

Hence, horizontal distance = c . s . cos ^a + A; 
where k is zero if there is an anallatic lens. 

We can at the same time find the rise or fall from 
EtoF. 

For HB = DB . sin a. 

= c . 3 . cos a . sin a + k sin a. 

The last term is sometimes omitted, whether there 
is an anallatic lens or not, as it is always small. 
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But rise = GF = HB + GH - FB. 

Now GH is the height of the instrument above the 
ground, and FB is the reading on the staff of the 
middle hair b. 

Hence, substituting for HB, we have : — 

Bise = c , s , cos a . sin a + ht of tacheometer 
— reading of middle hair, 
if a be negative (that is, an angle of depression) the 
first term is negative. 

The three terms are summed algebraically, and 
the result if plus means a rise, but if minus, a fall, 
from the station E to the point F. 




Fig. 128. 

Thus in the field book, we require columns for the 
height of the tacheometer, the reading of the middle 
hair, and the vertical angle, as well as for the two 
outer hairs and for the horizontal angle from some 
known point as zero, the latter being required for 
plotting. 

General Procedure. — Thus if fig. 128 represent a 
piece of ground to be surveyed, we choose a station A 
to begin with. 

If the survey is to be connected up with a triangu- 
lation, A may be fixed by the three-point problem, 
or may be itself a triangulation station. We observe 
from it to any other triangulation station as zero, say 
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a station X. Then send the staff to the points 1, 2, 
etc., and at each point read the horizontal angle, the 
vertical angle, and the readings of the three hairs, 
and read the height of the instrument itself, by plac- 
ing the staff beside it. 

From these the distances, as well as the rises and 
falls, are calculated, and the reduced levels worked 
out, for which purpose the level of A must be known. 

New stations, B and C, are chosen to carry on the 
survey, and readings are taken to them from A. It 
is a good plan to take the readings between stations 
with both faces, noting in the remarks column which 
are face left and which face right. 

Unless there are permanent signals up, say at 
triangulation stations which are visible, it is wise at 
each station to set the horizontal vernier to zero, and 
to direct, by unclamping the lower plate, to some 
well-marked point, which may or may not be shown 
on the drawing. 

Then, having taken all the readings required from 
that station, we go back to this mark, and see that 
the vernier comes back to zero. 

This ensures that there has been no movement of 
the bottom plate, and saves the time which would 
otherwise be necessary in sending the staff-holder a 
second time to the back station. 

Thus suppose we move to B. 

We level up for vertical angles, set the vernier to 
zero, choose say the tip of a withered branch of a 
tree, and set to zero on it. The staff-holder, mean- 
while, has been going back to A. We then take two 
complete sets of readings to A, one face left, and one 
face right. Then reverse face again to bring the in- 
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strument back to. that face which is ordinarily used 
(generally left\ take all required points as usual (ex- 
cept that whenever reading to a station as G, or D, 
we read with both faces), and finally check back to 
the withered branch. 

In the column headed " station and zero " we 
write the name of the station, and, under it, a de- 
scription of the point taken as zero, so as to avoid 
any bad effects from a lapse of memory. 

In plotting, we take no notice at all of the withered 
branch. 

The plotting may be done by scale and protractor, 
entirely, or the stations may be plotted by co-ordin- 
ates like an ordinary traverse. 

Suppose the readings to ordinary points are taken 
with Ze/it face. 

Then, at station B, say, add or subtract 180° from 
the /oca right readings to A and D {adding if under 
180°, and subtracting if over) ; the result should 
nearly agree with the face left angle, and we then 
take the mean in each case. Then mean reading at 
D - mean reading at A = clockwise angle ABD. 
If the reading at D is less than at A, add 360° to it 
before subtracting. 

This gives the included angle. The distances AB 
and BD are each found from the mean of four sets 
of tacheometric readings, namely face left and face 
right, from A to B, and from B to A, and so on. 
The co-ordinates can then be calculated as usual. 

The points are usually plotted with scale and pro- 
tractor, after the stations are all plotted. For this 
purpose, set the protractor with its centre on B, and 
so that the mean reading at A, as found above, comes 
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on the line BA. Wei^t it down in that position, 
and mark all the horizontal angles with needle 
points, numbering them in soft pencil, to correspond 
with the numbers in the book. Then remove the 
protractor, place the scale so that its edge passes 
through each point in turn (zero being at B) and 
scale off the horizontal distance. Erase the old 
number, and write the number again close to the 
actual point. If levels are also required, write down 
the reduced level of the point at once. 

When several points have been plotted, join up 
according to the sketch (p. 182), and interpolate the 
contours, if desired, as the work proceeds. 

Some surveyors prefer to direct to magnetic north 
as zero, by the compass, instead of to objects such 
as withered branches. It has the advantage of 
giving a rough direct check on all bearings, but the 
writer thinks it less sensitive as a means of detecting 
any slight movement of the bottom plate, such as 
that caused by accidentally turning the wrong tan- 
gent screw. 

If possible the stations should be arranged for ob- 
servations in circuits. In some cases it may be 
possible to arrange them all in one big circuit like a 
closed traverse. But more often it is easier to make 
a large number of small closed circuits, as, for in- 
stance, by observing, in fig. 128, from A to B and 
C ; from B to A and G ; and from G to A and B. 

Then, so far as levels go, the algebraic sum of the 
rises and falls, A to B, B to G, and G to A, as given 
by the means of the four readings in each case, 
should be zero. If nearly so, but not quite, any 
small error is distributed over the rises and falls, in 
13 
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the same way as described for latitudes and depar- 
tures in traversing, to make them close, before cal- 
culating the reduced levels of the stations. 

If co-ordinates are calculated, ABC is treated as 
an ordinary closed traverse, the included angles being 
found as already described. 

If plotted graphically, suppose we start at A, fig. 
129, and plotting round the figure we come back to 
Ai instead of A. Then AAj is called the closing error. 
It should not be great, but the positions of B and C 
should be adjusted to correct it. 





Fig. 129. 

For this purpose, from B and C draw B6 and Cc 
parallel to A^A, and in the same sense. 

Then mark off Bb, the length of which is found 
from the proportion 

Bb : AjA : : AB : whole perimeter 
and Cc : A^A : : AB + BC : whole perimeter. 

The lengths of each side being known, the whole 
perimeter is found by addition. 

Bb and Cc may be found graphically as in fig. 130. 

Set off the lengths of the lines (to reduced scale if 
desired) on a horizontal ABCA^, as shown. Make 
Aja =s closing error. Then Bb and Cc will give the 
corrections at B and C. 

Often we take the sides as equal, then, for three 
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sides, B6 = one-third of A^A ; Cc = two-thirds, and 
so on. 

It is to be understood that the same process of 
graphical correction can be applied to an ordinary 
traverse. 

When, but not before, the positions of the stations 
are corrected, we proceed to plot the isolated points. 

Similarly the reduced levels of the points are not 
worked out till the levels of the stations have been 
adjusted. 

The Field Book. — Many forms of field books have been 
used from time to time. That arranged by the writer has fifteen 
columns headed as follows : — 

(1) station and zero ; (2) point ; (3) horizontal angle ; (4) 
readings ; (5) generating number ; (6) angle from vertical ; 
(7) angle of elevation ; (8) difference of level ; (9) instrument and 
middle readings ; (10) difference ; (11) rise ; (12) fall ; (13) re- 
duced level ; (14) distance ; and (15) remarks. 

The filling in of column no. (1) has already been referred to. 
No. (2) gives the number attached to each point or station. 

No. (3) gives the horizontal angle as read, always on the 
same vernier ; and no. (4) gives the readings of the two outer 
hairs (a and c of fig. 124). 

No. (5), the generating number, is the difference between the 
readings multiplied by the constant multiplier ; that is the 
value of cs in the formulae. 

No. (6) is inserted because many tacheometers read the 
angle from the zenith instead of from the horizontal. This 
column is unnecessary if the instrumental reading gives the 
angle of elevation directly. If the angle is 'from the vertical, 
then we subtract the figure in column (6) from 90° to get the 
angle of elevation, which is, therefore, plus or minus, according 
to whether the figure in column (6) is under or over 90°. This 
is filled in in column no. (7) with the proper sign attached, and 
gives the value of a in the formulas. 

The ♦* difference .of level," column no. (8), gives the value of 
« . c . cos a . sin e^ and is either worked out by ordinary log- 
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arithms, or obtained from tables or by slide role. It is entered 
plus or minuSf according to the sign of a. 

In column no. (9) we enter the height of the instrmnent in 
the first line. This line contains nothing else, except the name 
(or nmnber) of station in colamn (1) and the reduced level of the 
station in column (13). 

Then in each line after the first in column (9), we fill in the 
reading of the middle hair at the point to which that line 
refers. 

Ck)lumn (10), ** difference," means the result of plus the 
height of the instrument minus the middle reading. That is, 
subtract the middle reading from the height of instrument as 
given in the first line. The result is plus or minus accordingly. 

Then combine algebraically the results of columns (8) and 
(10), and the result if plus is a rise^ and if minus j a fall, from 
the station to the point. This if a rise is added (and if a fall 
subtracted) to the reduced level of the station, which is written 
in the top line of column no. (13), to give the reduced level of 
the point. 

The distance (col. (14)) is the value of c . s . cos ^a ; which 
like col. no. (8) is either calculated in the ordinary way or ob- 
tained from special tables. 

Thus whenever we move to a new station the first line is 
filled in only for columns no. (1), no. (9) and no. (13). The read- 
ings to points begin in the second line. 

The field book should be interleaved with blank pages for 
the sketches. 

The numbering of points may begin from zero at each station, 
but it is better to go on up to, say, 100, before beginning again, 
so that no two points of the same number will be likely to be 
near together. Otherwise confusion may arise. 

The field book^ as recommended may be purchased from 
the author (price 28.) either bound for triangulation, astro- 
nomical, taoheometrio and traverse surveys combined, or for 
aiy one of these kinds of survey separately. Full description 
of filling in accompanies each book. 

Tacheometric Tables, — There are several taohe- 
ometrio tables in the market. The most oonvenient 



Digitized 



by Google 



TACHEOMETEIC SUEVEYING 197 

known to the writer are Jordan's, which can be ob- 
tained from Messrs. T. Cooke and Sons, Great Chapel 
Street, London. The description is in German, and the 
generating numbers go up to 250 only, as the tables 
are really intended for a metric staff, and 250 metres 
is a long reading. But it is easy to divide the gen- 
erating number by two or three, and then multiply 
the figure from the tables by the same factor. 

Messrs. Kern of Aarau make a special slide rule 
for giving the values of N cos ^a and N . sin a . cos a, 
which is supplied with their plane tables, etc. 

Plotting Scalei — A special apparatus for plotting 
has been used. It consists of a kind of combined 
scale and protractor. A description of such an ap- 
paratus will be found in Proceedings Inst. C.E., 1913, 
and a similar apparatus has been made by Mr. J. H. 
Steward, Strand, London. 

Degree of Accuracy. — The degree of accuracy 
obtainable in tacheometry depends largely upon the 
instrument, and upon the care taken in determining 
the values of the constants, etc., and still more upon 
the weather. 

From some experiments made by Mr. E. E. Middle- 
ton at Wimbledon it appears that an accuracy of 
about 1 part in 2000 was reached, for distances. 

But these results can hardly be expected in ordin- 
ary work, and probably the surveyor will find that 
with an ordinary 5- inch tacheometer he cannot get 
much beyond 1 in 500. 

Check on Readings. — If the hairs are equally 
spaced, the reading of the middle hair should be the 
mean between the other two readings. This gives 
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a useful check, and all readings should be tested by 
this rule before signalling the staff-holder to move. 

Extreme Hairs. — The two extreme hairs (see fig. 
124) are generally intended to have a multiplying 
constant half as great as the inner ones. 

They may be used for short readings, whereby the 
accuracy is doubled if we read to the nearest 
hundredth only, or they are sometimes useful if the 
inner ones get broken. 

The eyepiece is generally movable to enable it to 
be brought directly opposite each of these hairs for 
convenience in reading. If, on moving the eyepiece* 
the reading appears to alter, there is some parallax, 
which should be corrected (see p. 105). 

EXEBCISBS FOB EeVISION. 

1. It was desired to test a taoheometer at a place where no 
level ground was available. The focal length of the object glass 
was 11 inches, and the distance from the object glass to the 
trunnion axis was 6 inches. There was no anallatic lens. 

Distances of 100, 200, and 800 feet were chained out on ground 
sloping 5° upwards from the instrument, and the staff intercepts 
were 1*00, 2*01, and 3*02 feet. Find the additive and multi- 
plying constants. 

Also if the reduced level of a station A be 327*9, and if the 
tacheometer be 4*8 feet above the ground, and the readings in 
the table (p. 199) be obtained to two points 1 and 2, find the re- 
duced levels of these points, and plot them relatively to A and 
one another. 

Then find the direction of the steepest slope from A, assum- 
ing that the three points are on uniformly sloping ground. 

The middle reading is the mean of the other two. 
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Point. 


Horizontal 
Angle. 




Angle from 
Vertical. 


1 
2 


297° 27' 
12° 18' 


/9-72\ 
\5-16/ 

f4-80[ 
tl-14| 


93° 66' 

84° 10' 



2. The readings between three stations are as follows :— 



Station. 


Point. 


Readings. 


Horizontal 
Angle. 


VertJral 
Angle. 


A 


B 
C 


/ 9-68 \ 
\ 6-00 ] 
r 7-851 
\ 2-00/ 


122° 46' 
75° 30' 


70° 36' 

74° 8' 


B 


C 
A 


/ 600 \ 
\ 2-32 / 
(10-94 \ 
\ 6-40 f 


176° 7' 
97° 26' 


90° 13' 
108° 39' 


C 


A 
B 


( 800 ) 
12-64/ 
( 6-70 \ 
\ 300 J 


0° 0' 
305° 54' 


106° 60' 
89"^ 50' 



The heights of the instrument were 4*9, 4-96, and 4*7 feet. 
The reduced level of A =328-6. Find the corrected reduced 
levels of B and G, and plot the stations, correcting them to make 
them close, on a scale of 1 inch =40 or 50 feet. The middle 
reading is the mean of the other two. Ck>nstant multiplier, 
100. No additive constant. 
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General* ProUem. — In nmnj eiaes, e^iecuJly in 
nflway survey iug. h beeomeB oeoeasary to connect 
two stnugbi Knes, AB, BC (fig. 131). cm the field by 
a smooth corre D£ wfaidi ahaO be tangoitial at both 
ends. 

The ideal carve is a dicidar conre hx the central 
porti<Mi, with a ^eoe at eadi ^id gradually increasing 
in radius of curvature until it touches the strai^t. 



5-^/' 




Fi«. 131. 

At present, however, we will assume that the 
curve is to be a circular arc, uniform in radius from 
DtoE. 

It is required to lay out this curve on the field, 
where, of course, we cannot work from the centre, 
and we must use some method of laying out the 
curve by working more or less along the arc itself. 

Usually we know either the radius or the starting 
(200) 
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point of the curve, and the first step is to find which- 
ever of the two is unknown. 

The directions of the lines AB, BC, are supposed 
to be pegged out on the ground. 

Definitions. — The point B is called the apex of 
the curve. D andE are the tangent points, namely 
the starting and finishing points. 

DB = BE is called the tangent distance, and the 
straight line DE joining the tangent points is called 
the long chord. 

The interior angle CBA is called the apex angle. 
For the purposes of curve ranging the apex angle is 
always supposed to be the interior angle. Thus if 
the direction of BG be altered to BG^, the apex angle 
in either case would be 130°. Eegarded as traverse 
lines with A as back station, the angle ABG^ would 
be .130°, but ABC would be 230° (= 360° - 130°). 

If AB be produced to F, then BF is the original 
direction of the route AB. But BC is the direction 
to which it is to be deflected by the curve. Hence 
FBC is called the deflection angle. Its value is obvi- 
ously 180° — apex angle, and it may be either right 
or left. Thus for the line BC the deflection angle is 
50° right ; for BC^ it is 50° Uft 

The term deflection angle is often loosely applied 
to the tangential angles to be afterwards referred to. 
The term has, however, a definite meaning in mathe- 
matics which agrees with the definition given above, 
and does not agree with the loose use just referred to. 

Such authorities as Trautwine (see Trautwine on 
curves) keep the two terms entirely distinct from one 
another, and the writer would urge this as the only 
commendable course. 
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General Cases.— (a) Suppose the apex B (fig. 132) 
is accessible. 

Then set up the theodolite at B, and measure 

carefully the apex angle. 

BD 
Then .^-^ = cot DBO = cot ^ apex angle. 

Put DO = r, the radius. 

.•. BD = r . cot ^ apex angle (1) 

. or r = BD . tan ^ apex angle ... (2) 

From equation No. 1, if r be given, we can find 

BD. Then set it off both ways to fix D and E. Or 

if D be given we can then measure BD and find r 

from equation No. 2. Set BE = BD to fix E. 

(6) Suppose that B is inaccessible (fig. 133). 





Fio. 133. 

Choose any two points F and G, one in each line, such 
that FG can be easily measured. 

Set up the theodolite at F and G in turn, and 
measure the angles BFG and BGF. Then 
Apex angle = 180° - (BFG + BGF). 
Also measure FG very carefully, and solve the 
triangle BFG to find BF and BG, which, of course, 
we cannot measure directly, as B is inaccessible. 

sin BGF 



Thus BF = FG . 



and BG = FG . 



sin GBF 
sin BFG 
sin GBF' 
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The angle GBF is usually over 90°, so that to find 
its sine from the tables we must subtract it &om 
ISO'', and look up the sine of the deflection angle, 
which will be the same thing. 

Then, if r be given, we find BD and BE by equa- 
tion No. 1 above (using the true apex angle now), 
and then take the difference BF - BD, and set it 
off from F, towards B if FB is greater than BD and 
vice versa. This fixes D, and E is fixed in exactly 
the same way. 

If D be given, we measure FD, and note whether 
D is between F and B or not. 

Then, accordingly, BD = BF - FD 
orBD = BF+ FD. 

We then find r from equation No. 2 above, and 
GE = BE - BG = BD - BG. 

This is set off in the proper direction, according to 
the sign, to fix E. 

If D be given, it is usual to take F coinciding with 
D, unless we cannot find a good line DG for accur- 
ate measurement. 

In finding the angles BFG and BGF we often 
measure the exterior angles GFA and CGF, as it may 
not be possible to lay out more than short lengths 
along FB and GB. We then subtract from 180° to 
find the interior angles. 

The student must note that it is useless to hope 
for a good result when he comes to lay out the curve, 
unless the very greatest care is taken with these 
initial measurements. All lengths must be measured 
at any rate to the nearest tenth of a link ; all angles 
must be repeated to see that they check, and the 
theodolite must be exactly centred over the station. 
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In setting out points, such as D and E, they 
should be lined in with the theodolite ; and, of course, 
the arithmetic which has to be done on the field must 
be carefully checked. 

The Method of Tangential Angles. — Knowing 
the radius, and the tangent points, we are now in a 
position to start laying out the curve. 

There are many different methods of doing this, 
of which we will fully consider one only, namely by 
the aid of one theodolite and tangential angles. 

Suppose DB (fig. 134) is any circular arc touching 




the lines DB, EB, and that DK is any chord, so 
that K is on the curve. 

Then the angle BDK which this chord makes 
with the tangent DB is called the tangential angle 
for the chord DE. BDE is the tangential angle 
for the whole curve, properly called the tangential 
angle for the long chord. It is easy to prove that 
it is half the deflection angle. 

Now given the radius, if we. choose any length of 
chord DK it is easy to calculate the corresponding 
tangential angle. 
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For, by Euclid, BDK = ^ DOK = DON. 

But sin DON = ?S. 
DO 

That is, sin tangential angle = * — - — . 

radius 

The angle can therefore be found from tables, 
and, if we set up the theodolite at D, direct along 
DB with the vernier clamped at zero (making sure 
that the bottom plate is tightly clamped), unclamp 
the upper plate, and set . the vernier to read the 
calculated angle, the theodolite will be pointing 
along DK. 

The follower then holds one end of the selected 
length of chord at D, while the leader goes forward 
with the other end, and swings it round D as centre, 
as directed by the surveyor at D, until he comes 
into line with the cross hairs. The surveyor then 
gives a signal, and a peg is inserted at the point 
E so found. Then this is one point in the curve. 

To find the next point L, if KL = DK it is evi- 
dent that 

DOL = 2 X DOK. 
Hence BDL = 2 x BDK. 

That is, we set the theodolite to read double the 
angle first found ; then the follower goes to K and 
the leader swings the chord round that centre until 
he comes into line, and so on. The next angle will 
be three times the first. 

Pegs at Ends of. Chains. — Sometimes it is de- 
sired to peg out the points at once, so that they will 
come at the end of each complete chain from the 
commencement of the line {not the commencement 
of the curve). 
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If the radius is over 10 chains, the selected length 
of chord is nearly always 1 chain. But, if not, 
shorter chords, say fifty links, are sometimes chosen. 
The chain used may be either the Gonter's or the 
100 foot. 

Now D is very unlikely to come just at the end of 
any exact chain or half-chain, so that the first chord 
DK will usually be fractional. The tangential angle 
is calculated for the ordinary chord as before, and 
the angle for the fractional chord is then foond by 
proportion. Thus if the chord be fifty links and the 
radius six chains, 

sin tangential angle = /^ = '041667. 
.-. tangential angle = 2" 23*3' nearly. 

Now suppose the chainage of D = 23 chains + 
88*4, meaning 38*4 links. 

Then to make up the 50 links, the first chord will 
be 60 - 38-4 = 11-6 links. 

The tangential angle corresponding will be 

^ X 2^* 233' = ^ X 143-3 = 33-2 minutes, 

and we use this angle, and the chord 11*6, to find 
the first point K. 

The next chord will be 60 links, and the next 
angle will be 33-2' + 2" 33-3' = 3*^ 6-5' and so on. 

The angles are worked out to a decimal of a 
minute to avoid accumulated error, but are usually 
set off to the nearest minute or half minute. 

Check on Finishing Point. — When the theodo- 
lite is directed towards the finishing point, the tan- 
gential angle on the theodolite should be equal to 
BDB. Now 
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BDE + BED = BFE. 
But BDE = BED. 
.-. BDE = i BFE = i deflection angle 
= 90° - ^ apex angle. 
Hence BDE can be found. 

Then if the tangential angle to the point M be 
such that the addition of one more angle would take 
us beyond the calculated value of BDE, we find the 
extra angle required to make up the exact value of 
BDE, and find the corresponding length of chord 
by proportion as before. Then we set the cal- 
culated value of BDE on the vernier, and swing 
the calculated chord round M as centre till it comes 
into line, when we should come back on to the peg 
already inserted at E during the preliminary work. 

Length of Curve. — The whole of the calculation 
above described should be worked out, checked, and 
tabtdated before the laying out of the points is com- 
menced. It will be evident that, as each chord is 
known, the whole length of the curve, as measured 
in chords, will be known also, as shown in the ex- 
ample which follows. 

But it is a useful check on the arithmetic to cal- 
culate it independently. 

There are two rules for this : — 

(1) Length of curve = i/efle°tioP angle ^ j^ j^ 
tangential angle 

of chord. 

The angle BDE =^ | deflection angle, and gives the 
reading of the theodolite on the finishing point. 
Now for each chord, we set off the tangential angle. 
Hence the truth of the rule is obvious. 
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,«v ^ , . deflection angle 

(2) Length of curve = ggQo x 2irr. 

The angle DOE = 180° - EBD 

= FBE. 

and arc DE : Sttt : : DOE : 360°. 

^^ DOE ^ 
. •. arc DE = -ngQO x 2irr. 

It is to be remembered that the first rule gives the 
length of curve as measured in chords, while the 
second gives the length of the actual arc. The length 
as calculated by the second rule should therefore be 
slightly longer than that obtained in the tabulation. 




Fio. 136. 

The error is about one part in two thousand if the 
chord be one-tenth of the radius. 

Example of Calculation.— For example, suppose 
the radius is to be 15 chains, the chord 1 ehain ; re- 
ferring to fig. 135 we find GFA = 171° 12' 30"; 
EGF = 165° 19' 30 " ; FG = 5025 links, and that 
at the point F the chainage, from the beginning of 
the line, is 57*638 chains. 

Then FGB = 14-40-30. 
BFG = 8-47-30. 



Deflection angle = 23-28-0 
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BG. 



No. 
502-5 
sin 6FG 



sin GBF 



log. 

2-70114 
918424 



BF. 
No. 
502-5 
sin FGB 



11-88538 
9-60012 



sin GBF 



2-28526 
BG = 192-9 and BF = 319-7 links. 

180" O'O" 
23° 28' 0" 



log. 
2-70114 
9-40870 



12-10484 
9-60012 



2-50472 



Apex angle = 156° 82' 0" , 
4 = 78° 16' 0" 
Tangent distance = r . cot ^ ftpez angle 

= 311-5 links = BD or BE. 
.-. FD = 319-7 - 311-5=8-2 links, to be set off towards B, 
as FB is greater than FD. 

And GE = 311-5 - 192-9 = 118*6 links to be set off away 
from B. 

.-. ohainage of starting point 

= 57-638 + -082 = 57-720 chains. 
For chain chords, 
sin tangential angle = ^. 
.*. tangential angle — 1° 54-6'. 
First chord = 5800 - 57-72 = -28 chain. 
.-. first angle = -28 x 114-6 ^ 321 minutes. Then tabulate 
as on p. 210. The half deflection angle is 11° 44'. 
After the sixth point, the angle required to make this up is 

-lO QQ.Q' 

1° 38-9', and the corresponding chord is 100 x ^^ ^^ .^ = 86-3 

1° 54-6 

links. 

The length of curve as found by adding up column no. 2 is 

614-3 links. 

To check, length of curve = }}l ft[ x 100 



1° 54-6' 
= 614-3 links. 



By second rule, 



length = ?|l|i' X 2ir X 1500 = 614-4 links. 



360 



14 
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No. 


Chord 
(Links). 


Angle. 


Ghaina«:e. 


Remarks. 


1 
2 
3 
4 
5 
6 
7 


28 
100 
100 
100 
100 
100 
86-3 


0°321 
1° 64-6 


58-0 
59-0 
60-0 
610 
620 
630 
63-863 


Curve no. 47. 

1 Station 
(moved. 


2^26-7 
r 54-6 


4° 21-3 
1° 64-6 


6° 15-9 
1° 54-6 


8°. 10-6 
V 64-6 


10° 51 
1° 38-9 


11" 44-0 



All these calculations, etc., should be tabulated with the number 
of the curve attached ; and when the table above is completed 
and checked we begin to lay out the points. As each point is 
fixed the angle is ticked off, so that there is no doubt as to 
which was last set off. 

To Move Theodolite. — Now suppose that after 
laying down the point P, we are unable to see any 




Fig. 136. 

farther. Let the tangential angle laid off to P be fi 
= BDP, and draw QPR, the tangent at P. 
Then angle DPQ = QDP = /8. 
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Hence the clockwise angle DPE = 180° '+ p. 

Now take the theodolite to P, set the vernier which 
is being used to ISO"*, unclamp the bottom plate, and 
direct back to D. See that the bottom plate is firmly 
clamped, and that the vernier still reads 180°. Then 
unclamp the upper plate, and turn the telescope un- 
til the vernier reads the next tangential angle in the 
table, after the one laid out to P. The telescope will 
then be in position for fixing the next point S. 

We have seen that DPE = 180° + p. 

Hence if T be the tangential angle for 1 chord, 
DPS = 180° + j8 + T. 

Hence if the vernier reads 180° at D, at S it must 
read 180° + 180° + j8 + T 

= 360° + j8 + T = j8+T, neglecting the 
complete revolution. 

But as p was the last angle laid out, the next in 
the table will be j8 + T, the required reading. 

Make a note in the remarks column to show at 
which point the theodolite was moved. 

Now suppose we have to move again after laying 
down the point H. 

Then take the theodolite to H ; set the vernier to 
read 180° + fi (fi being, as before, the reading to 
the previous station P) and direct back to P. Then 
turn the telescope till the vernier reads the next angle 
in the table, after that laid out to fix H, and so on 
for any desired number of shifts. The proof presents 
no new features, and is left as an exercise. 

Going back to the first shift, some surveyors prefer 
to set to zero (instead of 180°) on D and then to turn 
the telescope over vertically and set off the next angle 
in the tables. 
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This has the effect of reversing face and errors 
due to collimatioQ and inclination of horizontal axis 
change sign, so that their effect is doubled. 

On the other hand, working by the method re- 
commended in the text, we are trusting to the 
graduation of the circle more than in the last 
method. The effect of coUimation errors, etc., would 
be minimized however. The writer has deliberately 
chosen the method in the text as beinig that most 
likely to give a good result. 

It differs, however, from what is given in many 
books. 

Checking by Offsets.— Let DEF (fig. 137) be a 
circular arc, DB a tangent, and DE, EF equal chords. 




Fio. 137. 

Draw EN perpendicular to DB. 
Then NE = DE . sin NDE. 
I chord 
= °^^^^ ^ Sidi^ 
(chord)^ 



~" 2 X radius 

DN will be nearly equal to the chord. 

Thus if the leader be told the value of NE he can 
fix E approximately by first stretching the chord 
along the tangent DB, then setting off — either by eye 
or more exactly — ^the ofifeet NE, and restretching the 
chord along DE. For the next point, he gets into 
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line with D and E, and stretches the chord. This 
gives the point G. Now if EH be the tangent at E, 
FH = NE ; and it is easy to show that GF = 
2 X NE. 

Hence if the leader pass an arrow through the 
ring of the tape line at G, and makes GF, as 
measured by tape, equal to 2NE, and at the same 
time stretches the full chord from E, he can thus fix 
the point F pretty exactly. 

As a rougher check, he simply estimates the offset 
GF by eye. 

Even in this way, however, he can put the arrow 
down within one or two inches of the correct spot as 
a rule ; he should be trained always to do this, and 
if the surveyor moves him more than one or two 
inches, the angle is probably incorrectly set, and he 
should signal to that effect. 

Laying Out by Offsets. — The method here de- 
scribed is sometimes used without the theodolite at 
all, for laying out the curve. But in this case we 
must calculate the exact length of DN for the first 
point. The rule is, DN = chord x cos tangential 
angle. The tangential angle is found by the same 
rule as before. 

Then F is found by the two radii GF and EF 
from G and E as centres, as before, except that the 
former must be rather more carefully laid out. 

All future points are checked or laid out in the 
same way. 

It is evident (from the equation for NE) that for 
fractional chords the offset like NE will be propor- 
tional to the squares of the chords, but if FK be a frac- 
tional chord after the first, and K be taken in EF pro - 
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duoed so that FE = ohord FL, and if d be the full offset 

like NE calculated for a whole ohord like EF, then 

/FL\2 /FL\ 

the radius Kh =^ d x ( ^ ) +^ x ( gj?! very nearly. 

Approximate Rule for Tangential Angles, — It 

has been shown that the tangential angle for any 
chord is half the angle subtended at the centre by 
that chord. 

But if the chord' be not more than, say, radius -f 
ten, the chord will be practically of the same length 
as the corresponding arc, and we may say that the 
tangential angle is half the angle subtended at the 
centre by an arc equal in length to the selected chord. 

arc chord 
Now this angle = ^^gj^ = ^^^jj^ in radians 

__ chord 180 
"" radius w 

chord 180 x 60 . 

or -^z — X mmutes. 

radius v 

^. . , , , , 90 X 60 chord 
This gives tangential angle = x i. 

-iff-in r, chord . . 
= 171o*9 X — T^ — minutes, 
radius 

If chord = radius -r- ten, 
tangential angle = 171-89 minutes = 2° 51' 53". 

By the more exact formula already given the 
angle is 2° 51' 58". 

It would therefore require twelve chords to be laid 
out before the difference would add up to one minute. 

This may, however, be regarded as the limit, be- 
yond which we should not use this rule. For chords 
which are shorter in proportion to the radius the 
error is less, and the rule is easier to work with. 

Case of Left Deflection. — If the deflection be 
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lefty it is evident that starting at D, with the theod- 
olite set to B as zero (fig. 138), the 
tangential angles will have to be 
selj^off anticlocktoise. Hence they 
must be repeatedly subtracted 
starting from dGO"', to find the suc- 
cessive vernier readings. 

The angle to be arrived at, at 
the finish, is 360° - ^ deflection 
angle, 

= 360° - 11° 44', in the case on p. 209, and in all 
other respects the working is the Same as before. 

In this case the table, p. 210, would be as follows : — 




No. 


Chord 
(links). 


Angle. 


Chainage. 


Remarks. 


1 
2 
3 
4 
5 
6 
7 


28 
100 
100 
100 
100 
100 

86-3 


860° 0' 
32-1 


58-0 
59-0 
600 
610 
620 
630 
68-868 




869° 27-9 
1° 64-6 


357° 33-3 
1° 64-6 


356° 38-7 
1° 54-6 


353° 441 
1° 64-6 


351° 49-6 
1° 64-6 


349° 54-9 
1° 38-9 

348° 160 


614-8 
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Degree Curves. — Degree carves are curves in 
^hioh the tangential angle for the full chord is some 
exact number of degrees, or sometimes an odd half 
degree is introduced. 

They were intended for use especially with the 
100-foot chain, so that a curve of n degrees is gener- 
ally defined as one in which a chord of 100 feet sub- 
tends an angle of n** at t^e centre. 

The tangential angle will then be — , for a chord 

of 100 feet. 

The radius will be 50 x cosec — , for sin tangential 

A 

«««i^ i <5hord 
angle = =■ — ^^ — . 
radius 

. n^ 60 

.-. sm _ = — 

2 r 

whence r = . n° = 50 .cosec -o-. 
sm -— 2 

2 

All these definitions and formulsB may, of course, 
be applied to any other chord than 100 feet if desired. 

The other calculations and methods of laying out 
the curves are the same as for ordinary curves. The 
special advantage lies in the fact that the calculation 
of the table of tangential angles is simplified, and, if 
the first chord be a full chord, all the angles, except 
the last, will be some exact number of degrees or 
half -degrees. 

The radius is, however, not a round number of 
chains. 

Transition Curves. — It has been stated that, for 
the best work the curves should not be simple 
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circular arcs, but should have a piece at each end of 
gradually increasing radius to the straight. 

These curves are called '* transition curves ". The 
best known are the cubic parabola^ GrandalVs 
trcmsition curve, and Searle's spirals. 

The methods of laying out these curves are, how- 
ever, beyond the scope of this work, and the reader 
is referred to larger works on surveying for the first. 
The last two are described in special handbooks 
by Messrs. Grandall and Searle respectively. 

Exercises for Eevision. 

* 

1. The bearings of two lines AB, BC, are 327° 15' and 
2° 8' E. of N. respectively. They are to be connected by a 
carve of 10 chains radius, laid oat in chain chords. 

Find (a) the apex angle ; (b) the deflection ; (c) the tangential 
angle for chain chords ; {d) the length of the carve, and (e) 
tabulate the tangential angles and chainages if the chainage of 
the starting-point is 37*857 chains. 

2. Work the same problem if the chain is a 100-foot chain 
and the carve is a 6° carve. 

3. A line AB is to be deflected to the left by means of a cir- 
cular arc, so as to follow the direction BC, the deflection angle 
being 57° 12'. It is desired that this curve shall pass through 
a certain point X, and it is found that BX = 211*6 feet, and 
the clockwise angle ABX = 31° 18'. If r be the radius of the 
curve, and be its centre, find the value of OB in terms of 
r, and then find the value of r. 

4. In laying out a curve of six chains radius, by half-chain 
chords, the third point has been fixed, but it is found that the 
fourth point is invisible in consequence of an intervening ob- 
stacle. The fifth and all future points would again be visible 
however. Calculate the length of chord which must be used to 
fix number 5 point directly from number 3, and explain how 
you would then peg out the position of number 4, without 
shifting your theodolite. 

5. If one peg in a curve of n° has been accidentally removed. 
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and its position lost, prove that it can be replaced by chaining 
the line joining the two adjacent pegs, and at the middle 

point setting up an offset of 100 sin -^, 

Prove that if n be less than about O*', this may be taken as 
0-873 n without' an error of more than about 1 part in 1000. 
The original pegs were 100 feet apart. 

6. Prove in the same way as in question No. 5, that if it be 
desired to insert additional pegs midway between the 100-foot 
pegs, the offsets at the middle points of the joining chords will 
be 0-218 n. 

7. A^, A,, etc., are the various apices in a proposed line. 
The distances and observed angles are given in the table below. 
The angles are measured, as in traversing, clockwise from the 
back station, and each distance is from the previous ape^. 
Aj is the starting-point, and the radius of each curve is given 
in the table below. Find the deflection and tangent distance 
for each curve ; the whole length of line from Aj to A^ ; and 
the chainage of. each starting and finishing point. All di- 
mensions are in feet. 



Point. 

A, 


Included 
Angle. 


Distance. 


Radius. 


218° 27' 


876-5 


1000 


A3 


206° 4' 


1431-8 


1000 


A4 


157° 42' 


765-6 


8° curve 


A5 


153° 18' 


927-8 


8° curve 


Ae 




531-8 


— 



8. Prove that if B be the apex, A the apex angle, r the 
radius, and M the middle point of a circular arc, then 

BM = r . ( cosec "o" "~ "^ )* 
Explain how you would lay out the point M, supposing the 
apex accessible, so as to check the curve at its middle point, 
and find BM for each of the curves in Q. 7. 
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ANSWERS TO EXERCISES. 

{Note, — These answers have not been oheoked in most oases. 
The author will be very thankful if teachers or others who may 
discover errors in them will communicate with him.) 



CHAPTER I. p. 60. 

2. About 6 feet;* 3. about 7*5 links (or feet;; 5. 10*2 
perches to be added; 6. (a) 0*7 square chain; 6. (b) 0*9425 
square chain. {Note, — Work in three sections, to 4, 4 to 5, 
and 5 to 6.) 



CHAPTER II. p. 90. 

2. (a) 321" 17' ; (6) 139*3 N. and 111*6 W. ; (c) 2159*3 N., 
870 E. 



Point. 


A. 


B. 


C. 


D. 


B. 


F. 


N 





136*6 


365*4 


461*7 


344*3 


211*7 


E 





774*0 


1080*3 


863*0 


339*2 


16*7 



4. 2 a . 2<r . 21 p. 
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5. 


Ikm. 


! 

; Bering. 


Length. 


I 


AB 


79^81' 

j 


774-9 




BD 


809° 53' 


892-8 



Angle ABD = 50° 23'. 



^ PoiiA. A. 



N 

£ 



790^ 




708-9 282-3 
550-4626-5 



766-9 
1188-7 



C. 



268-4 
1211-1 



972-7 
2046-8 



468-2 
1866-3 



63-7 
1954-0 



367-4 
1196-7 



294-C 
1118-1 



(6) AB = 69° 89 ; DC = 285° 24'. 

{€) HAB = 69° 89' ; NDC = 297° 38' ; CZB = 144° 15' ; 
AB = 668-2 ; DC = 770-6. 

(rf) BZ = 825-3 ; CZ = 290-0. 
{«») ZF = 198-5 = ZE ; BF = 131-8 ; CE = 96-5. 
(/) CcMMdmates above ; bearing = 226° 55'. 
ig) OGE = 55° 11' ; GE = 107-5. 

CHAPTEB in. p. 152. 
2. CUTTING. 



1 

LeTel. 


Area 
(square feet). 


Do. X Factor. 


70-0 
65-0 
60-0 
55-0 
50-0 
45-0 
400 


90 
1240 
3380 
6410 
9250 
11370 
12970 


45 
1240 
3380 
6410 
9250 
11370 
6485 


38180 



Vol. = 38180 X 5 == 190^900 cubic feet. 
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Level. 


Area, 
(square feet). 


Do. X Factor. 


13-0 
16-0 
200 
260 
30-0 
350 
400 



150 
1530 
3450 
5690 
7910 
9530 



105 
1530 
3450 
5690 
7910 
4765 


23450 



Vol. = 23450 X 5 = 117,250 cubic feet. 

{Note, — In the embankment the first vertical interval is 2 
feet, viz. from 13*0 to 15*0. The rest are 5 feet each. Hence 
the factor for the first area is f x 0*5, instead of 0*5, and the 
factor for the second area is f x 0*5 + 0*5 = 0*75, instead 
of 1*0.) 

3. The average distance between contours is 25 feet about, 
giving an average slope of 1 in 5 for the original ground. As- 
suming this uniform, and taking the gradient of the centre 
line as 1 in 9*5, it is easy to find, by calculation or drawing, 
that the slope of the ground at right angles to the centre is 
about 1 in 5*9. With the formation width and slopes in the 
question, we can then calculate the sectional areas of cutting 

25 , 25 
and embankment. These work out to ^ and =^ square feet 

respectively. Hence as there is a total length of 378 feet, we 
have volume of cutting = 1074 cubic feet, and volume of em- 
bankment = 1212 cubic feet. 

If 6| and 6, be the portions of formation width in cutting 

b ^ 
and filling respectively, area of cutting => g^, and of filling = 



7*8' 
feet. 



Hence to equalize the volumes 6^ = 5*14 feet, b^ == 4*86 



4. (Note, — The total volume of water impounded is taken as 
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being up to the level of 45*0, the 6 inches between that level 
and 45*6 being an allowance for floods.) 

WATER. 



Level 


Area 

(square ft). 


Mean. 


Volume 
(cubic feet). 


Total 
VolQine. 


Corr. 
Level. 


35-0 
37 
39-0 
41-0 
43*0 
44-0 
45-0 


170 
2820 
8310 
18870 
34500 
41110 
46630 


1495 
6665 
13590 
26685 
37806 
43870 


2990 
11130 
27180 
63370 
37806 
48870 


2990 

14120 

41300 

94670 

132475 

176346 


370 
390 
41-0 
430 
44-0 
45-0 


176345 



1/2 total volnme = 88170 cubic feet, which occurs at the 
level of about 42*8 feet, where the upper valve must be placed. 

DAM. 



Level. 


Area 
(square feet). 


Do. X Factor. 


31*0 
330 
35*0 
37*0 
39*0 
41*0 
43*0 
450 
48*0 


50 
1520 
4620 
6550 
6800 
6230 
5380 
4030 
1620 


25 
1620 
4620 
6550 
6800 
6230 
5380 
6040 
1140 


'37305 



(Note. — As the last vertical interval is 3 feet, while the rest 
are 2 feet, the factor for the last area is f x *5 = *75 instead 
of *5, and for the last but one, } x *5 + *5 «= 1*25.) 

Volume of dam = 37306 x 2 = 74610 cubic feet. 

Area covered by work s: 59190 square feet. 
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6. Volume of excavation = 1840 cubic yards. Equalizing 
top breadth about 6 feet. 

6. Curvature 0*05, refraction O'Ol ; curvature + refraction 
0*04 ; level of A = 22-99 ; collimation error = 0*09, readings 
being too low ; error for 400 feet = 0*03 nearly. 

7. Widths in plan, 45-7, 61-5, 67-0, 69-4, and 74-9 feet, 
sectional areas of cutting in square feet = 18*5, 168, 370*5, 
503, and 620 ; embankment, 19 square feet, volume of cutting 
= 89,400 cubic feet ; embankment, 295 cubic feet, area of 
ground in plan = 16240 square feet. 

Volume of cutting by trapezoidal rule = 89800 cubic feet. 



CHAPTER IV. p. 180. 

1. Correction per chain for temperature 
„ „ „ „ tension 



SLOPE. 



•0056 
•0023 

- -0600 

- -0621 



No. 


h. 


A2. 


2L' 


1 


•82 


•67 


•0034 


2 


1-21 


1-46 


•0073 


3 


1-28 


1-64 


•0082 


4 


106 


112 


•0056 


6 


•24 


•06 


•0003 


6 


•45 


•20 


•0010 


7 


•48 


•23 


•0012 


8 


•89 


•79 


•0040 


9 


1-26 


1-66 


•0078 


10 


•12 


•01 


•0001 


11 


124 


164 


•0077 


12 


•55 


•30 


•0007 


•0473 



11-482 X ^0521 = 
Slope = 



•5982 
•0473 



Total 



= - 6465 
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Gorreotedi length 

=. 1148-24 - -66 = 1147-69 feet. 

2. 2' 15'^ pltts for face left readings. 

(a) + 2° 14' 25" ; (6) - 7° 62' 6". 

3. B 5-2, A 8-6. 

4. A; = 1*8267; A = 117° 34'; cot BOX = 1-63868; BOX 
= 33*» r 42"; BAX = 84° 32' 18"; ABX = 366° 66' 18"; 
BX = 2118-2 feet; co-ordinates of X, 4838-2 N and 7796-1 E. 

5. EEa = 163-7 feet nearly ; E^BE = 1° 36' 10", ECEg ^ 
2° 9' 10" (each to the nearest 10" only) ; BEC = 132° 20' 40". 
EjAE = 1° 6' 20", AEB =. 56° 29' 60". 

7. 1147-66 feet. 

CHAPTER V. p. 198. 

1. Additive constant 1*4 ; multiplier 99-6 nearly. 
Distances, 463 and 362 feet ; reduced levels, 294-1 and 366-7. 

The steepest slope is about 1 in 6*6, in a direction making an 
angle of about 16^° with the line 21. 

2. Distances, AB = 407*7, BA = 407-4 ; AC = 494-8, CA 
= 498*0 ; BC = 368-0, CB = 370*0. 

Rises, AB = 141-18, AC = 140*93, CB = 0*93. 
Falls, BA = 141-30, CA = 141*84, BC = 0*61. 
Mean rise A to B = 141*24 ; A to C = 141*38 ; C to B = 
0*77. 

Hence for totals we have : — 



Line. 


liise. 


Corr. 


FaU. 


Corr. 


AB 
BC 
CA 


141*24 


+ -30 


0-77 
141-38 


- -30 

- -31 


141-24 


142-16 



The rises and falls should be equal on the closed circuit, but 
the table shows that the falls are too great by 0*91 (= 142*16 - 
141*24). 

This closing error should be distributed not proportionally to 
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the rises and falls, but to the lengths of the lines. Usually the 
latter are taken as equal, and the dosing error applied equally 
to each line as in the table. 

Thus the corrected rise A to B = 141-24 + -30 = 141'64 ;, 
and so on. Reduced levels, A = 828*6 

141-54 



B = 47014 
•47 



C = 469-67 
141-07 

A = 328-60 



CHAPTER VI. p. 217. 
1. (a) 146° T ; (6) 34° 63' R ; (o) 2° 61-9' ; (d) 608-8 links. 



No. 


Chord 
(Links). 


Angle. 


Chainage 


1 
2 
3 
4 
5 
6 
7 


64-3 
100 
100 
100 
100 
100 

44-6 


1° 50-6' 
2° 51-9' 


38-0 
390 
400 
41-0 
420 
430 
43-446 


4° 42-4' 
2° 61-9' 

7° 34-3' 
2° 51-9' 


10° 26-2' 
2° 51-9' 


13° 18-1' 
2° 61-9' 


16° 10-0' 
1° 16-5' 


17° 26-5' 


608-8 



15 
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3. Angle ABO = 61° 24' ; XBO = SO** 6'. 

OB = r cosec 61° 24' ; and OX' = OB^ + XB« - 20B . 
XB . cos XBO. 

This gives the equation 

r» (cosec« 61° 24' - 1) - 2 x 211-6 x cos 30° 6' x cosec 
61° 24' X r f 211-6' = O. 

Whence r = 994 feet nearly. 

4. 99*8 links ; to peg out No. 4, take the middle point of 
this chord, and set up an offset of 2*1 links. 









Cbainage. 


Point. 


Deflection. 


Tangent 
Distance. 






1 








Start. 


Finish. 


A, 











a; 


38° 27' R 


348-7 


527-8 


1198-9 


As 


25° 4'R 


222-3 


2059-7 


2497-2 


A4 


22° 18' L 


141-3 


2899-2 


3178-2 


A, 


26° 42' L 


1701 


3794-0 


4128-6 


Ae 


— 


— 


— 


4490-3 



8. 59-2 ; 24-2 ; 13-8 ; 19-9. 
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A. 

Abney level, 37. 
Accuracy in levelling, 161. 

— of angles, 74. 

chain surveys, 69. 

tacheometry, 197. 

Accurate traverses, 84. 
Acres, reduction to, 49. 
Additive constant, 184. 
Adjustment of clinometer, 37. 
level, 140. 

line ranger, 46. 

optical square, 24. 

theodolite, 64, 163. 

Allowance for slope, 34, 38, 84, 

140. 
Anallatic lens, 186. 
Angles, accuracy in measuring, 
74. 

— by reiteration, 162, 173. 
repetition, 66. 

— triangulation, 160, 174. 
Apex angle, 201. 
Arranging lines, 2, 30. 
Area of triangle, 69. 
Areas, 48. 

— from co-ordinates, 87. 
. offsets, 56, 

Arrows, 16. 

— changing, 16. 
Azimuth, 69. 

B. 

Back-sight, 97. 

Back- and fore-sights, equaliz- 
ing, 145. 
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Band chains, 12. 

Base line, corrections to, 86. 

measuring, 86, 168. 

reducing to sea level. 

179. 

slope of, 86. 

Beam compass, 46. 
Bearing and azimuth, 69. 
Bearings, calculating, 67. 

— direct reading of, 77. 

— notations for, 72. 

— reduced, 71. 

— whole-circle, 67. 
Bench marks, 97. 
Boundaries, equalization of. 

49. 
Branch traverses, 168. 
Buildings, excavation for, 184. 

— surveying, 28. 



Cardinal points, 72. 
Chain surveying, 1. 
Chainage, adjusting, 39. 

— accuracy of, 69. 

— method of, 16. 

— obstacles in, 32. 

— on sloping ground, 32. 
Chains, 12. 

— comparison of, 13. 
Changing arrows, 16. 
Check lines, 30. 

Checks in curve ranging, 2C6,. 
212. 

traversing, 74. 

Clinometer, 36. 

— adjustment of, 37. 
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Oollimation level, 102. 

— line of, 96. 164, 170. 
Compass, use of, 81. 
Oompatation scale, 52. 
Contoaring, 127. 
Conioars, 93. 

— by hand level, 162. 

— laying out, 140. 

— uses of, 131. 
Co-ordinates, areas from, 87. 

— plotting by, 67. 
Crossing hedges, 31. 

— obstacles, 39. 
Cross roads, 117. 

— sections, 119. 

plan from, 126. 

plotting, 122. 

side slopes on, 117. 

volumes from, 124. 

— staff, 26. 

Curvature correction, 149. 
Curve calculation, example 

of, 208. 

— ranging, checks in, 206, 

212. 

moving station in, 210. 

Curves, degree, 216. 

— laying out by offsets, 213. 

— length of, 207. 

— ranging, 200. 

— transition, 216. 



Dam, volume of, 137. 
Datum for levels, 92. 
Deflection angle, 201, 214. 
Degree curves, 216. 
— > of accuracy in chaining, 

69. 
Departures, 70. 
Diagram of lines, 4, 6, 29. 
Difference of latitude, 70. 
Ditch and hedge, 31,66. 
Dumpy level, 95. 



Earthwork, 
111, 124. 



calculation of, 



Earthwork, from mean sections, 
132, 134. 

— in dam, 137. 

— tables, 116. 
Eastings, 73, 74. 
Eccentricity, errors due to, 

162. 

Equalization of boundaries, 
49. 

Equalizing back- and fore- 
sights, 146. 

Equation of time, 69. 

Errors of theodolite, 160. 

Excavation, volume of, 131, 
134. 

Exercises, 60, 90, 152, 180, 
198, 217. 

P. 

Face, reversing, 161, 174, 192. 

Field book for levels, 100, 102, 

108, 121. 

offsets, 4, 29. 

tacheometry, 196. 

size of, 19. 

Fore-sight, 97. 
Formation levels, 109. 

— width, 112. 



Gradients, determining, 107, 
118. 

Graduation errors, 161. 

Graphical correction of tra- 
verse, 194. 

Grubb sight, the, 80, 162. ' 

Gunter*8 chain, 12. 



Hand level, the, 122, 162. 
Haystacks, 41. 
Hedge and ditch, 31, 56. 
Hedges, crossing, 31. 
Houses, crossing, 41. 
— offsets to, 28. 
Hypotenusal allowance, 34, 
140. 
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I. 

Index error, 87, 170. 
Invar, 159. 

L. 

Latitude, dififerenoe of, 70. 
L<ijing out surface gradient, 

137. 
Level, Abney, 37. 

— adjustment of, 140. 

— book, 100, 102, 108. 
for cross sections, 121. 

— choosing position for, 104. 

— dumpy, 95. 

— hand, 123, 152. 

— striding, 168. 

— use of faulty, 148. 

small, 145. 

Levelling, accuracy of, 161. 

— curvature correction in, 149. 

— for vertical angles, 171. 

— reciprocal, 148. 

— staff, 96. 

holding, 106. 

Levels, checking, 98. 

— datum for, 92. 

— on cross roads, 117. 

— reduced, 92. 

— spot, 92. 

— taking, 96. 

Limiting length of offset, 26. 
Line ranger, 44. 
Lines, arranging, 2, 30. 

— diagram of, 4, 6, 29. 

— numbering, 29. 

— ranging, 43. 



Marking stations, 10. 
Mean sections, 131, 134. 
Measuring base Unes, 85, 158. 
Multiplying constant, 184. 

N. 

Northings, 73, 74. 
North point, 59. 



0. 

Object glass, removing, 174. 
Obstacles in chaining, 82. 
Offset scale, 46. 
Offsets, 2. 

— areas from, 56. 

— booking, 4. 

— fixing direction of, 20. 

— laying out curves by, 213. 

— limiting length of, 26. 
-— taking, 17. 

— to houses, 28. 
Optical square, 22. 

adjusting, 24. 

Ordnance datum, 92. 



Parallax, 105. 

Permanent adjustment of level, 
140. 

theodolite, 163. 

Personal biaa, 160. 
Plan, completing from sec- 
tions, 125, 126. 
Plane of coUimation, 96. 
Planimeter, 48. 
Plotting by co-ordinates, 67. 

— offsets, 46. 

— tacheometry, 192, 197. 
Plumb-bobs, 174. 
Ponds, crossing, 39. 
Prismatic compass, 79, 81. 
Problem, three point, 175. 
Problems in traversing, 81. 

B. 

Ranging curves, 200. 

— lines, 43. 

— rods, 10. 

Reciprocal levelling, 148. 
Reduced bearing, 71. 

— levels, 92. 
Refraction, 151. 
Reiteration, angles by, 162. 
Repetition, angled by, 66. 
Reservoir, volume of water in, 

184. 



Digitized 



by Google 



230 



SURVEYING 



Reversing face, 161, 174, 192. 
Rivers, crossing, 39. 

s. 

Satellite stations, 177. 
Scale, computation, 52. 
Scaler, offset, 46. 
Sea level, reducing base to, 

179. 
Section, example of, 107, 
Sections, 94. 
Slopes on sections, drawing, 

117. 
Simpson's rule, 57. 
Sketch surveys, 179. 
Slope of base, correcting for, 

86. 
Slopes, fixing toes of, 125, 

126, 138. 
Sloping ground, 32, 38. 
Southings, 73, 74. 
Spot levels, 92. 
Standing orders,' 14. 
Station pointer, 177. 
Stations, 2. 
Stations, marking, 10. 
Steel tape, 85. 

corrections with, 86. 

Striding level, 168. 

Surface gradient, laying out, 

137. 



Tacheometer, 182. 
Tacheometric field book, 195. 

— plotting scale, 197. 

— surveys, 182. 

— tables, 196. 
Tacheometry, accuracy of, 197. 

— plotting, 192. 

— zero for, 191. 
Taking buildings, 28. 
Tangent distance, 201. 



Tangential angle, 204, 214. 
Theodolite, 63, 160. 

— errors of, 160. 

— levelling, 65. 

— permanent adjustment of, 

163. 

— use of, 65. 
Three-point problem, the, 

175. 
Toe of slopes, fixing, 125, 126, 

133. 
Transition curves, 216. 
Transit theodolite, 63, 160. 
Traverse by compaBS, 79." 

— checks on, 74. 

— connecting with triangula- 

tion, 157. 

— graphical correction of, 

194. 

— sheet, 75. 

— surveying, 62. 
Traverses, accurate, 84. 

— branch, 158. 
Traversing, problems in, 81. 
Triangle, area of, 59. 
Triangulation surveys, 156. 
Turning points, 99, 107. 



Vertical angles by theodolite. 
171. 

— circle, graduation of, 173, 
Volume of water in reservoir, 

134. 
Volumes from contours, 134. 

— — cross sections, 124. 

— of earthwork. 111, • 124, 

133. 



W. 

Westings, 73, 74. 
Willesden paper books, 19. 
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(Paints, Colours, Pigments and 
Printing Inks.) 

THE CHEMISTRY OP PIGMENTS. By Ernest J. 
Parry, B.Sc. (Lond.), F.I.C.; F.C.S., and J. H. Coste, F.I.C., 
F.C.S. Demy 8vo. Five Illustrations. 285 pp. Price 10s. 6d. 
net. (Post free, 10s. lOd. home ; lis. 3d. abroad.) 

THE MANUFACTURE OF PAINT. A Practical 
Handbook for Paint Manufacturers, Merchants and Painters. 
By J. Cruickshank Smith, B.Sc. Demy 8vo. 

[New Edition in Preparation,^ 

DICTIONARY OF CHEMICALS AND RAW 
PRODUCTS USED IN THE MANUFACTURE 
OF PAINTS, COLOURS, VARNISHES AND 
ALLIED PREPARATIONS. By Georoe H. Hurst, 
F.C.S. Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. 
home ; 8s. 6d. abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS 
FROM ARTIFICIAL COLOURS. By Francis H. 
Jbnnison, F.I.C, F.C.S. Sixteen Goloured Plates, showinfir 
Specimens of Eisrhty-nine Colours, specially prepared from 
the Recipes siven in tlie Boole 136 pp. Demy 8vo. Price 
7s. 6d. net. (Post free, 7s. lOd. home; 8s. abroad.) 

THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manu- 
facture of all Artificial, Artists and Painters* Colours, Enamel, 
Soot and Metallic Pigments. A text-book for Manufacturers, 
Merchants, Artists and Painters. By Dr. Josef Bbrsch. 
Translated by A. C. Wright, M.A. (Oxon.), B.Sc. (Lond.). Forty- 
three Illustrations. 476 pp. Demy 8vo. Price 12s. 6d. net. 
(Post free» 13s. home ; 13s. 6d. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, 
OIL, SOAP AND DRYSALTERY TRADES. 

Compiled by An Analytical Chemist. 330 pp. Second Revised 
and Enlarged Edition. Demy 8vo. Price 10s. 6d. net. (Post 
free, lis. home ; lis. 3d. abroad.) 

OILMEN'S SUNDRIES AND HOW TO MAKE THEM. 

Being a Collection of Practical Recipes for Boot Polishes, Blues, 
Metal Polishes, Disinfectants, etc., compiled from '* Oils, Col- 
ours and Drysalteries*'. Crown 8vo. 130 pages. Price 2s. 6d. 
net. (Post free, 2s. 9d. home ; 28. lOd. abroad.) 

OIL COLOURS AND PRINTERS' INKS. By Louis 
Bdoar And^s, Translated from the German. 215 pp. Crown 
8vo. 56 Illustrations. Price5s.net. (Post free, 5s. 4d. home; 
5». 6d: abroad.) 
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MODERN PRINTING INKS. A Practical Handbook 
for Printing Ink Manufacturers and Printers. By Alfred Sey- 
mour. Demy 8vo. Six Illustrations. 90 pages. • Price 5s. net. 
(Post free, Ss. 4d. home ; 5s. 6d. abroad.).* 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators. By 
A. Dbsaint, Artistic Interior Decorator of Paris. The book con- 
tains 100 folio Plates, measuring 12 in. by 7 in., each Plate con- 
taining specimens of three artistic shades. These shades are all 
numbered, and their composition and- particulars for mixing are 
fully given at the beginning of the book. Bach Plate is inter- 
leaved with grease-proof paper, and the volume is very artistic- 
ally bound in art and linen with the Shield of the Painters* Guild 
impressed on the cover in gold and silver. Price 21s. net. (Post 
free, 21s. 6d. home ; 228. 6d. abroad.) • 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 
8vo. Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OP DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price 
1b. net. (Post free, Is. 3d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, 
Paperhangers, and Others. By W. N. Brown. Crown 8vo. 
128 pp. Second Edition. Price 2s. 6d. net. (Post free, 28. 9d. 
home ; 2s. lOd. abroad.) 

CASEIN. By Robert Scherer. Translated from the 
German by Chas. Salter. Demy 8vo. Illustrated. Second 
Revised English Edition. 160 pp. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

SIMPLE METHODS FOR TESTING PAINTERS' 
MATERIALS. By A. C. Wright, MA. (Oxon.), 
B.Sc. (Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 
5s. 3d. home ; 5s. 6d. abroad.) 

IRON-CORROSION, ANTI-FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German 
of Louis Edoar Andes. Sixty-two Illustrations. 275 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, 10s. lOd. home; 
lis. 3d. abroad.) 

THE TESTING AND VALUATION OP RAW 
MATERIALS USED IN PAINT AND COLOUR 
MANUFACTURE. By M. W. Jones, F.C.S. A 
Book for the Laboratories of Colour Works. 88 pp. Crown 8vo. 
Price 5s. net. (Post free, 5s. 3d. home and abroad.) 

For contents of these books, see List /. 
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THK MANUFACTURE AND COMPARATIVE 
MERITS OF WHITE LEAD AND ZINC WHITE 
PAINTS. By G. Petit, Civil Engineer, etc. Trans- 
lated from the French. Crown 8vo. 100 pp. Price 4s. net. 
(Post free, 48. 3d. home ; 4s. 4d. abroad.) 

STUDENTS' HANDBOOK OF PAINTS, COLOURS, 
OILS AND VARNISHES. By John Purnbll. 
Crown 8vo. 12 Illustrations. 96 pp. Price 2s. 6d. net. (Post 
free, 2s. 9d. home and abroad.) 

PREPARATION AND USES OF WHITE ZINC 
PAINTS. Translated from the Prench of P. Pleury. 
Crown 8vo. 280 pages. Price 6s. net. (Post free, 6s. 4d. home ; 
68. 6d. abroad.) 



(Varnishes and Drying Oils.) 

THE MANUFACTURE OF VARNISHES AND 
KINDRED INDUSTRIES. By J. Geddes McIntosh. 
Second, greatly enlarged, English Edition, in three Volumes, 
based on and including the work of Ach. Livache.] 

Volume I.— OIL CRUSHING, REPINING AND 
BOILING, THE MANUFACTURE OF LINO- 
LEUM, PRINTING AND LITHOGRAPHIC 
INKS, AND INDIA-RUBBER SUBSTITUTES. 

Demy 8vo. 150 pp. 29 Illustrations. Price 7s, 6d. net, 
(Post free, 7s. lOd. home ; 8s. abroad.) 

Volume II.— VARNISH MATERIALS AND OIL- 
VARNISH MAKING. Demy 8vo. 70 Illustrations. 
220 pp. Price 10s. 6J. net. (Post free, 10s. lOd. home; 
Us. 3d. abroad.) 

Volume III.— SPIRIT VARNISHES AND SPIRIT 
VARNISH MATERIALS. DemySvo. Illustrated. 
4B4 pp. Price 12s. 6d. net. (Post free, 13s. home; 138. 6d. 
abroad.) 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. And^s. Expressly 
Written for this Series of Special Technical Books, and the 
Publishers hold the Copyright for English and Foreign Editions. 
Forty-two Illustrations. 342 pp. Demy 8vo. Price 12s. 6d. 
net. (Post free, 13s. home ; 13s. 3d. abroad.) 

{Analysis of Rfsins, see page P.) 
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(Oils, Fats, Waxes, Greases, Petroleum.) 

LUBRICATING OILS, FATS AND GREASES: 

Their Origin, Preparation, Propiertics, Uses and Analyses. A 
Handbook for Oil Manufacturers, Refiners and Merchants, and 
the Oil and Pat Industry in General. By Gborob H. Hurst, 
F.C.S. Third Revised and Enlarged Edition. Seventy-four 
Illustrations. 384 pp. Demy 8vo. Price lOs. 6d. net. (Post 
free, lis. home ;. lis. 3 J. abroad.) 

TECHNOLOGY OP PETROLEUM . Oil Fields of the 
World— Their History, Geography and Geology — Annual Pro- 
duction and Development — Oil-well Drilling — ^Transport. By 
Henry Neuberger and Henry Noalhat. Translated from the 
French by J. G. McIntosh. 550 pp. 153 Illustrations. 26 Plates. 
Super Royal Svo. Price 21s. net. (Post free, 21s. 9d. home; 
23s. 6d. abroad.) 

MINERAL WAXES: Their Preparation and Uses. By 
Rudolf Greoorius. Translated from the German. Crown Svo. 
250 pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d. 
home ; 6s. 6d. abroad.) 

THE PRACTICAL COMPOUNDING OP OILS, 
TALLOW AND GREASE FOR LUBRICA- 
TION, ETC. By An Expert Oil Refiner. Second 
Edition. 100 pp. Demy Svo. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; Ks. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition 
by Chas. Salter. 10 Illustrations. Crown Svo. 170 pp. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; Ss. abroad.) 

THE OIL MERCHANTS' MANUAL AND OIL 
TRADE READY RECKONER. Compiled by 
Frank F. Sherripp. Second Edition Revised and Enlarged. 
Demy Svo. 214 pp. With Two Sheets of Tables. Price 78. 6d. 
ner. (Post free, 7s. lOd. home ; 8s. 3d. abroad.) 

ANIMAL FATS AND OILS: Their Practical Pro- 
duction, Purification and Uses for a great Variety of Purposes. 
Their Properties, Falsification and Examination. Translated 
from the German of Louis Edgar Andks. Sixty-two Illustrations. 
240 pp. Second Edition, Revised and Enlarged. Demy Svo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home; lis. 3d. abroad.) 

For contents of these books, see List /. 
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VEGETABLE FATS AND OILS: Their Practical 
Preparation, Purifl cation and Employment for Various Purposes, 
their Properties, Adulteration and Examination. Translated 
from the German of Louis Edoar And^s. Ninety-four Illus- 
trations. 340 pp. Second Edition. Demy 8vo. Price 10s. 6d. 
net. (Post free, lis. home; lis. 6d. abroad.) 

EDIBLE PATS AND OILS : Their Composition, Manu- 
facture and Analysis. By W. H. Simmons, B.Sc. (Lond.), and 
C. A. Mitchell, B.A. (Oxon.). Demy 8vo. 150 pp. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

(Essential Oils and Perfumes.) 

THE CHEMISTRY OF ESSENTIAL OILS AND 
ARTIFICIAL PERFUMES. By Ernest J. Parry, 
B.Sc. (Lond.), F.I.C., F.C.S. Second Edition, Revised and 
Enlarged. 552 pp. 20 Illustrations. Demy 8vo. Price 12s. 6d. 
net. (Post free, 13s. home ; 13s. 6d. abroad.) 

(Soap Manufacture.) 

SOAPS. A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. By George H. Hurst, F.C.S. 
2nd edition. 390 pp. 66 Illustrations. Demy 8vo. Price 12s. 6d. 
net. (Post free, 13s. home ; 13s. 6d. abroad.) 

TEXTILE SOAPS AND OILS Handbook on the 
Preparation, Properties and Analysis of the Soaps and Oils used 
in Textile Manufacturing, Dyeing and Printing. By George 
H. Hurst, F.C.S. Crown 8vo. 195 pp. Price 5s. net. (Post 
free, 5s. 4d. home ; 5s. 6d. abroad.) 

THE HANDBOOK OF SOAP MANUFACTURE. 

By Wm. H. Simmons, B.Sc. (Lond.), F.C.S. and H. A. Applbton. 
Demy 8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post 
free, 8s. lOd. home ; 9s. abroad.) 

MANUAL OF TOILET SOAPMAKING, including 
Medicated Soaps. Stain-removing Soaps, Metal Polishing Soaps, 
Soap Powders and Detergents. Translated from the German 
of Dr. C. Deite. Demy quarto. 150 pages. 79 Illustrations. 
Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

(Cosmetical Preparations.) 

COSMETICS: MANUFACTURE, EMPLOYMENT 
AND TESTING OF ALL COSMETIC 
MATERIALS AND COSMETIC SPECIALITIES. 

Translated from the German of Dr. Theodor Koller. Crown 
8vo. 262 pp. Price 5s. net. (Post free, 5s. 4d. home; 5s. 6d. 
abroad.) 
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(Glue, Bone Products and Manures.) 

OLUE AND GLUE TESTING. By Samuel Rideal, 
D.Sc. (Lond.), F.I.C. Fourteen Engravings. 144 pp. Demy 
8vo. Price lOs. 6d. net. (Post free, 10s. lOd. home ; 1 Is. abroad.) 

BONE PRODUCTS AND MANUBES : An Account 
of the most recent Improvements in the Manufacture of Fat, 
Glue. Animal Charcoal, Size, Gelatine and Manures. By Thomas 
Lambert, Technical and Consulting Chemist. Second Revised 
Edition. Demy 8vo. 172 pages. 17 Illustrations. Price 78. 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

{Sie also Chemical Manures ^ p. 9.) 

(Chemicals, Waste Products, etc.) 

REISSUE OF CHEMICAL ESSAYS OP C. W. 
SCHEELE. First Published in English ' in 1786. 
Translated irom the Academy of Sciences at Stockholm, with 
Additions. 300 pp. Demy 8vo. Price 5s. net. (Post free, 5s. 6d. 
home ; 5s. 9d. abroad.) 

THE MANUFACTURE OF ALUM AND THE SUL. 
PHATES AND OTHER SALTS OF ALUMINA 
AND IRON. Their Uses and Applications as Mordants 
in Dyeing and Calico Printing, and their other Applications in 
the Arts, Manufactures, Sanitary Engineering, Agriculture and 
Horticulture. Translated from the French of Lucibn Gbsch- 
wiND. 195 Illustrations. 400 pp. Royal 8vo. Price 12s. 6d. 
net. (Post free, 13s. home ; 13s. 6d. abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manu- 
facture and Uses. By Camille Vincent, Professor at the 
Central School of Arts and Manufactures, Paris. Translated 
from the French by M. J. Salter. Royal 8vo. 114 pp. Thirty- 
two Illustrations. Price 5s. net. (Post free, 5s. 4d. home; 
58. 6d. abroad.) 

CHEMICAL WORKS: Their Design, Erection, and 
Equipment. By S. S. Dyson and S. S. Clarkson. Royal 8vo. 
220 pp. With 9 Folding Plates and hO Illustrations. Price 21s. 
net. (Post free, 21s. 6d. home; 22s. abroad.) 

MANUAL OF CHEMICAL ANALYSIS, as applied to 
the Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral 
Products. By E. Prost, D.Sc. Translated by J. Cruickshank 
Smith, B.Sc. Royal 8vo. 300 pages. 44 Illustrations. Price 
12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

TESTING OF CHEMICAL REAGENTS FOR 
PURITY. Translated from the German of Dr. C. 
Krauch. Royal 8vo. 350 pages. Price 12s. 6d. net. (Post free, 
13s. home ; 13s. 6d..abroad.) 



For contents of these books, see List I, 
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SHALE OILS AND TARS and their Products. By 
Dr. W. ScHEfTHAUER. Translated from the German. Demy 8vo. 
190 pages. 70 Illustrations and 4 Diagrams. Price 8s. 6d. net. 
(Post free, 8s. lOd. home ; 9s. abroad). [^ust published, 

INDUSTRIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for 
Use as a Heating Agent, as an lUuminant and as a Source of 
Motive Power. By J. G. McIntosh, Lecturer on Manufacture 
and Applications of Industrial Alcohol at The Polytechnic, 
Regent Street, London. Demy 8vo. 1907. 250 pp. With 75 
Illustrations and 25 Tables. Price 7s. 6d. net. (Post free, 78. lOd. 
home ; 8s. 3d. abroad.) 

THE UTILISATION OP WASTE PRODUCTS. A 

Treatise on the Rational Utilisation, Recovery and Treatment of 
Waste Products of all kinds. By Dr. Theodor Koller. Trans- 
lated from the Second Revised German Edition. Twenty-two 
Illustrations. Demy 8vo. 280 pp. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. 3d. abroad.) 

ANALYSIS OF RESINS AND BALSAMS. Trans- 
lated from thfe German of Dr. Karl Dieterich. Demy 8vo. 340 
pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 8d. abroad.) 

DISTILLATION OF RESINS, RESINATE LAKES 
AND PIGMENTS, CARBON PIGMENTS AND 
PIGMENTS FOR TYPEWRITING MACHINES, 
MANIFOLDERS, ETC. By Victor Schweizer. 
Demy 8vo. 185 pages. 68 Illustrations. Price 7s. 6d. net. (Post 
free, 8s. home ; 8s. 3d. abroad.) 

DISINFECTION AND DISINFECTANTS. By M. 

Christian. Translated from the German. Crown 8vo. 112 
pages. 18 Illustrations. Price 5s. net. (Post free, 5s. 3d. home ; 
5s. 6d. abroad.) [yust published. 

(Agricultural Chemistry and Manures.) 

MANUAL OF AGRICX7LTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C, Late Lecturer on Agricultural Chemistry, 
the Leeds University; Lecturer in the Victoria University. 
Third and Revised Edition. 400 pp. 16 Illustrations. Demy 
8vo. Price 7s. 6d. net. (Post free, Ss. home ; 8s. 6d. abroad.) 

CHEMICAL MANURES. Translated from the French 
of J. Fritsch. Demy Svq. Illustrated. 340 pp. Price 10s. 6d. 
net. (Post free, lis. home ; lis. 6d. abroad.) 

(See also Bone Products and Manures^ p. 8.) 

(Writing Inks and Sealing Waxes.) 

INK MANUFACTURE: Including Writing, Copjing, 
Lithographic, Marking, Stamping, and Laundry Inks. By 
SiOMUND Lehnbr. Three Illustrations. Crown 8vo. 162 pp. 
Translated from the German of the Fifth Edition. Price Ss. net. 
(Post free^ 5s. 3d. hom^ f 5^. 6d. »brogd.) 
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SEALING - WAXES, WAFERS AND OTHER 
ADHESIVES FOR THE HOUSEHOLD, OFFICE, 
WORKSHOP AND FACTORY. By H. C. Standage. 
Crown 8vo. 96 pp. Price 5s, net. (Post free, 5s, 3d. home ; 
58. 4d. abroad.) 

(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. 3d. abroad.) 

NOTES ON LEAD ORES : Their Distribution and Pro- 
perties. By Jas. Fairie, F.G.S. Crown 8vo. 64 pages. -Price 
Is. net. (Post free, Is. 3d. home ; Is. 4d. abroad.) 

(White Lead and Zinc White Paints, see p. 5.) 

(Industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OF 
VARIOUS OCCUPATIONS AND THEIR PRE- 
VENTION. By Leonard A. Parry, M.D., B.Sc. 
(Lond.). 196 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

(Industrial Uses of Air, Steam and 
Water.) 

DRYING BY MEANS OF AIR AND STEAM. Ex- 

planations, Formulae, and Tables for Use in Practice. Trans- 
lated from the German of E. Hausbrand. Second Revised 
English Edition. Two folding Diagrams, Thirteen Tables, and 
Two Illustrations. Crown 8vo. 76 pp. Price 5s. net. (Post 
free, 5s. 3d. home ; 5s. 6d. abroad.) 
(See also ** Evaporating, Condensing and Cooling Apparatus,'' p. 19.) 

PURE AIR, OZONE AND WATER. A Practical 
Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint, 
Glue and other Industries. By W. B. Cowell. Twelve Illus- 
trations. Crown 8vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. 
home; 58. 6d. abroad.) 

THE INDUSTRIAL USES OF WATER. COMPOSI- 
TION—EFFECTS—TROUBLES—REMEDIES— 
RESIDUARY WATERS— PURIFICATION— AN- 
ALYSIS. By H. de la Coux. Royal 8vo. Trans- 
lated from the French and Revised by Arthur Morris. 364 pp. 
135 Illustrations. Price 10s. 6d. net. (Post free, lis. home; 
lis. 6d. abroad.) 

(See Books on Smoke Prevention, Engineering and Metallurgy, p. 19, etc.) 
For contents of these books^ see List III. 
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(X Rays.) 

PRACTICAL X RAY WORK. By Frank T. Addyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
R^idiographer to St. George's Hospital ; Demonstrator of Physics 
and Chemistry, and Teacher of Radiography in St. George's 
' Hospital Medical School. Demy 8vo. Twelve Plates from 
Photographs of X Ray Work. Fitty-two Illustrations. 200 pp. 
Price 10s. 6d. net. (Post free, 10s. lOd. home; Us. 3d. abroad.) 

( I ndia» Rubber and Gutta Percha.) 

INDIA-RUBBER AND GUTTA PERCHA. Second 
English Edition, Revised and Enlarged. Based on the French 
work of T. Seeligmann, G. Lamy Torrilhon and H. Falconnet 
by John Geddes McIntosh. Royal 8vo. 100 Illustrations. 400 
pages. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. 
abroad.) 

(Leather Trades.) 

THE LEATHER WORKER'S MANUAL. Being a 
Compendium of Practical Recipes and Working Formulae for 
Curriers, Bootmakers, Leather Dressers, Blacking Manufac- 
turers, Saddlers, Fancy Leather Workers. By H. C. Standaoe. 
Demy 8vo. 165 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home; 
8s. abroad.) 
(See also Manufacture of Shoe Polishes^ Leather Dressings^ etCy p. 6.) 

(Pottery, Bricks, Tiles, Glass, etc.) 

MODERN BRICKMAKING. By Alfred B. Searle, 
Royal 8vo. 440 pages. 260 Illustrations. Price •12s. 6d. net. 
(Post free, 13s. home; 13s. 6d. abroad.) 

THE MANUAL OF PRACTICAL POTTING. Com- 
piled by Experts, and Edited by Chas. F. Bin^s. Fourth Edition, 
Revised and Enlarged. 200 pp. Demy 8vo. Price 178. 6d. net. 
(Post free, 17s. lOd. home; 18s. 3d. abroad.) 

POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Porcelain. By R. Hainbach. 
Translated from the German. Crown 8vo. 250 pp. Twenty- 
two Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. abroad.) 

A TREATISE ON CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile, and Brick Manufacturers. By 
Emilb Bourry. a Revised Translation from the French, with 
some Critical Notes by Alfred B. Searle. Demy 8vo. 308 
Illustrations. 460 pp. Price 128. 6d. net. (Post free, 13s. home; 
13s. 6d. abroad.) 
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ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, 
Enamelled Terra-cottas, Ordinary and Incrusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. By Leon 
Lefevre. Translated from the French by K. H. Bird, M.A., 
and W. Moore Binns. With Five Plates. 950 Illustrations in 
the Text, and numerous estimates. 500 pp. Royal 8vo. ' Price 
15s. net. (Post free, 15s. 6d. home; 16s. 6d. abroad.) 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howorth. Second 
Edition. Paper Cover. Price Is. net. (By post, home or abroad, 
Is. Id.) 

NOTES ON POTTERY CLAYS. The Distribution, 
Properties, Uses and Analyses of Ball Clays, China Clays and 
China Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 3s. 9d. home; 3s. lOd. abroad.) 



HOW TO ANALYSE CLAY. By H. M. Ashby. Demy 
8vo. 72 pp. 20 Illustrations. Price 3s. 6d. net. (Post free, 
3s. 9d. home ; 3s. lOd. abroad.) 

A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POT- 
TERIES; AND THE RISE AND PROGRESS 
OF THE MANUFACTURE OF POTTERY AND 
PORCELAIN. With References to Genuine Specimens, 
and Notices of Eminent Potters. By Simeon Shaw. (Originally 
published in 1829.) 265 pp. Demy 8vo. Price 5s. net. (Post 
free, 5s. 4d. home ; 5s. 9d. abroad.) 

A Reissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon 
Shaw. (Originally published in 1837.) 750 pp. Royal 8vo. 
Price 10s. net. (Post free, 10s. 6d. home ; 12s. abroad.) 

BRITISH POTTERY MARKS. By G. Woolliscroft 
Rhead. Demy 8vo. 310 pp. With over Twelve-hundred Illus- 
trations of Marks. Price 7s. 6d. net. (Post free, 8s. home ; 
8s. 3d. abroad.) 

For contents of these books, see List III. 
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(Glassware, Glass Staining and Painting.) 

RECIPES FOR FUNT GLASS MAKING. By a 

British Glass Master and Mixer. Sixty Recipes. Being Leaves 
from the Mixing Book of several experts in the Flint Glass Trade, 
containing up-to-date recipes and valuable information as to 
Crystal, Demi-crystal and Coloured Glass in its many varieties. 
It contains the recipes for cheap metal suited to pressing, blow- 
ing, etc., as well as the most costly crystal and ruby. Second 
Edition. Crown 8vo. Price 10s. 6d. net. (Post free, 10s. 9d. 
home ; 10s. lOd. abroad.) 

A TREATISE ON THE ART OF GLA^S PAINT- 
ING. Prefaced with a Review of Ancient Glass. By 
Ernest R. Sufflino. With One Coloured Plate and Thirty- 
seven Illustrations. Demy 8vo. 140 pp. Price 78. 6d. net. 
(Post free, 7s. lOd. home ; 8s. abroad.) 

(Paper Making, Paper Dyeing, and 
Testing.) 

THE DYEING OF PAPER PULP. A Practical 
Treatise for the use of Papermakers, Paperstainers, Students 
and others. By Julius Erfurt, Manager of a Paper Mill. 
Translated into English and Edited with Additions by Julius 
HCbner, F.C.S., Lecturer on Papermaking at the Manchester 
Municipal Technical School. With illustrations and 157 patterns 
of paper dyed in the pulp. Royal 8vo, 180 pp. Price 15s. net. 
(Post free, 15s. 6d. home; 16s. 6d. abroad). 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 
M.A., Ph.D., F.I.C. Royal 12mo. 60 illustrations. 300 pp. 
Price 7s. 6d. net. (Post free, 7s. 9d. home ; 7s. lOd. abroad.) 

THE TREATMENT OF PAPER FOR SPECIAL 
PURPOSES. By L. E. And^s. Translated from the 
German. Crown Svo. 48 Illustrations. 250 pp. Price 6s. net. 
(Post free, 6s. 4d. home ; 6s. 6d. abroad.) 

(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel 
Makers, Workers in Gold and Silver, and Manufacturers of 
Objects of Art. By Paul Randau. Second and Revised 
Edition. Translated from the German. With 16 Illustrations. 
Demy Svo. 200 pp. Price 10s. 6d. net. (Post free, 10s. lOd. 
home; lis. abroad.) 

THE ART OF ENAMELLING ON METAL. By 

W. Norman Brown. Second Edition, Revised. Crown Svo. 
60 pp. Price 3s. 6d. net. (Post free, 3s. 9d. home ; 3s. lOd. 
abroad.) [y***^ published. 
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(Textile and Dyeing Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 
Worsted, Union and other Cloths). By Roberts Beaumont,, 
M.Sc, M.I.Mech.E., Professor of Textile Industries, the Univer- 
sity of Leeds ; Author of " Colour in Woven Design " ; ** Woollen 
and Worsted Cloth Manufacture " ; *' Woven Fabrics at the 
World's Fair " ; Vice-President of the Jury of Award at the Paris 
Exhibition, 1900 ; Inspector of Textile Institutes ; Society of 
Arts Silver Medallist ; Honorary Medallist of the City and Guilds 
of London Institute. With 150 Illustrations of Fibres. Yarns 
and Fabrics, also Sectional and other Drawings of Finishing 
Machinery Demy 8vo. 260 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. 3d. abroad.) 

FIBRES USED IN TEXTILE AND ALLIED IN- 
DUSTRIES. By C. AiNswoRTH Mitchell, B.A. 
(Oxon.), F.I.C., and R. M. Prideaux, F.I.C. With 66 Illustra- 
tions specially drawn direct from the Fibres. Demy 8vo. 
200 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

DRESSINGS AND FINISHINGS FOR TEXTILE 
FABRICS AND THEIR APPLICATION. De- 

scription of all the Materials used in Dressing Textiles : Their 
Special Properties, the preparation of Dressings and their em- 
ployment in Finishing Linen, Cotton, Woollen and Silk Fabrics. 
Fireproof and Waterproof Dressings, together with the principal 
machinery employed. Translated from the Third German 
Edition of Friedrich Polleyn. Demy 8vo. 280 pp. Sixty 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. abroad.) 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES : Their Origin, Structure, Preparation, Wash- 
ing, Bleaching, Dyeing, Printing and Dressing. By Dr. Georg 
VON Georgievics. Translated from the German by Charles 
Salter. 320 pp. Forty-seven Illustrations. Royal 8vo. Price 
10s. 6d. net. (Post free, lis. home ; Us. 3d. abroad.) 

POWER-LOOM WEAVING AND YARN NUMBER- 
ING, According to Various Systems, v^ith Conversion 
Tables. Translated from the German of Anthon Gruner. With 
Twenty-8ix Diagrrams in Colours. 150 pp. Crov^n 8vo. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By 
Julius Zipser. Translated from German by Charles Saltier. 
302 Illustrations. 500 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, lis. home; lis. 6d. abroad.) 

For contents of these books, see List II. 
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GRAMMAR OF TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical 
School. Demy 8vo. 280 pp. 490 Illustrations and Diagrams. 
Price 6s. net. (Post free, 6s. 4d. home; 6s. 6d. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT 
LACE. A Manual of Applied Art for Secondary Schools 
and Continuation Classes. By M. E. Wilkinson. Oblong 
quarto. With 22 Plates. Bound in Art Linen. Price 3s. 6d. 
net. (Post free, 3s. lOd. home ; 4s. abroad.) 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. Milroy. Crown 8vo. 64 pp. With 3 
Plates and 9 Diagrams. Price Is. net. (Post free, Is. 3d. home ; 
Is. 4d. abroad.) 

THE CHEMISTRY OP HAT MANUFACTURING. 

Lectures delivered before the Hat Manufacturers' Association. 
By Watson Smith, F.C.S., F.I.C. Revised and Edited by 
Albert Shonk. Crown 8vo. 132 pp. 16 Illustrations. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 7s. lOd. abroad.) 

THE TECHNICAL TESTING OF YARNS AND 
TEXTILE FABRICS. With Reference to Official 
Specifications. Translated from the German of Dr. J. Herzfeld. 
Second Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home; lis. abroad.) 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. For Manufacturers and Designers of Carpets, 
Damask, Dress and all Textile Fabrics. 200 pp. Demy 8vo. 
132 Designs and Illustrations. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. abroad.) 

THEORY AND PRACTICE OF DAMASK WEAV- 
ING. By H. KiNZER and K. Walter. Royal 8vo. 
Eighteen Folding Plates. Six Illustrations. Translated from 
the German. 1 10 pp. Price 8s. 6d. net. (Post free, 9s. home ; 
9s. 6d. abroad.) 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By 

Nicolas Reiser. Translated from the Second German Edition. 
Crown 8vo. Sixty-three Illustrations. 170 pp. Price 5s. net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

SPINNING AND WEAVING CALCULATIONS, 

especially relating to Woollens. From the German of N. 
Reiser. Thirty-four Illustrations. Tables. 160 'pp. Dem. 
Svo. 1904. Pricel0s.6d.net. (Post free, 10s. lOd. home ; lis. 
abroad.) 

ANALYSIS OF WOVEN FABRICS. By A. F. Barker 
and E. Midgley. Demy Svo. About 200 pages [In the press. 
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WATERPROOFING OF FABRICS. By Dr. S. Mier- 
ziNSKi. Second Edition, Revised and Enlarged. Crown 8vo. 
140 pp. 29 Illus. Price 5s. net. (Post free, 5s. 4d. home; 
5s. 6d. abroad.) [yust published, 

HOW TO MAKE A WOOLLEN MILL PAY. By 
John Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post 
free, 3s. 9d. home; 3s. lOd. abroad.) 

YARN AND WARP SIZING IN ALL ITS 
BRANCHES. Translated from the German of Carl 
Krbtschmar. Royal 8vo. 123 Illustrations. 150 pp. Price 
lOs. 6d. net. (Post free, 10s. lOd. home; lis. abroad.) 

{For ''Textile Soaps and Oils" see p. 7.) 

(Dyeing, Colour Printing^ Matching 
and Dye-stuffs.) 

THE COLOUR PRINTING OF CARPET YARNS. 

Manual for Colour Chemists and Textile Printers. By David 
Paterson, F.C.S. Seventeen Illustrations. 136 pp. Demy 
8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

THE SCIENCE OF COLOUR MIXING. A Manual 
intended for the use of Dyers, Calico Printers and Colour 
Chemists. By David Paterson, F.C.S. Forty-one Illustrations. 
Five Coloured Plates, and Four Plates showlngr Eleven Dyed 
Specimens of Fabrics. 132 pp. Demy 8vo. Price 7s. 6d. net. 
(Post free, 7s. lOd. home ; Ss. abroad.) 

DYERS' MATERIALS : An Introduction to the Examina- 
tion, Evaluation and Application of the most important Sub- 
stances used in Dyeing, Printing, Bleaching and Finishing. By 
Paul Heerman, Ph.D. Translated from the German by A. C. 
Wright, M.A. (Oxon)., B.Sc. (Lond.). Twenty-four Illustrations. 
Crown 8vo. 150 pp. Price 5s. net. (Post free, 5s. 4d. home ; 
5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual 
intended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of 
Dyed Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post 
free, 78. lOd. home ; 8s. abroad.) 

COLOUR : A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 
Svo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

THE ART OF DYEING WOOL, SILK AND 
COTTON. Translated from the French of M. Hellot, 
M. Macquer and M. le Pileur D'Apligny. First Published in 
English in 1789. Six Plates. Demy 8vo. 446 pp. Price 5s. net. 
(Post free, Ss. 6d, home ; 6s. abroad.) 

For contents of these books^ see List II, 
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THE CHEMISTRY OF DYE-STUPFS. By Dr. Georg 
Von Georgibvics. Translated from the Second German Edition. 
412 pp. Demy 8vo. Price 10s. 6d. net. (Post free, lis. home; 
lis. 6d. abroad.) 

THE DYEING OF COTTON FABRICS : A Practical 
Handbook for the Dyer and Student. By Franklin Bbbch, 
Practical Colourist and Chemist. 272 pp. Forty-four Illus- 
trations of Bleaching and Dyeing Machinery. Demy 8vo. Price 
7s. 6d. net. (Post free, 73. lOd. home; 8s. abroad.) 

THE DYEING OP WOOLLEN FABRICS. By 
Franklin Beech, Practical Colourist and Chemist. Thirty- 
three Illustrations Demy 8vo. 228 pp. Price 78. 6d. net- 
(Post free, 7s. lOd. home ; 8s. abroad.) 

(Silk Manufacture.) 

SILK THROWING AND WASTE SILK SPIN- 
NING. By HoLLiNS Rayner. Demy 8vo. 170 pp. 
117 Illus. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.^ 

(Bleaching and Bleaching Agents.) 

A PRACTICAL TREATISE ON THE BLEACHING 
OF LINEN AND COTTON YARN AND FABRICS, 

By L. Tailper, Chemical and Mechanical Engineer. Trans- 
lated from the French by John Gbddes McIntosh. Demy 8vo, 
303 pp. Twenty Illus. Price 123. 6d.. net. (Post free, 13s, 
home; 13s. 6d. abroad.) 
MODERN BLEACHING AGENTS AND DETER- 
GENTS. By Professor Max Bottler. Translated 
from the German.* Crown 8vo. 16 Illustrations. 160 pages. 
Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

COTTON SPINNING (First Year). By Thomas 
Thornley, spinning Master, Bolton Technical School. 160 pp. 
84 Illustrations. Crown 8vo. Second Impression. Price 3s, 
net. (Post free, 3s. 4d. home; 3s. 6d. abroad.) 

COTTON SPINNING (Intermediate, or Second Year). 
By T. Thornley. 2nd. Impression. 180 pp. 70 Illus. Crown 8vo. 
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

COTTON SPINNING (Honours, or Third Year). By 
T. Thornley. 216 pp 74 Illustrations. Crown 8vo. Second 
Edition. Price 5s. net. (Post free, 58. 4d. home; 5s. 6d. abroad.) 

COTTON COMBING MACHINES. By Thos. Thorn- 
ley, Spinning Master, Technical School, Bolton. Demy 8vo. 
117 Illustrations. 300 pp. Price 7s. 6d. net. (Post free, 8s. 
home ; 8s. 6d. abroad.) 
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COTTON WASTE : Its Production, Characteristics 
Regulation, Opening, Carding, Spinning and Weaving. By Thomas 
Thornlby. DemySvo. 286 pages. 60 Illustrations. Price 7s 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

THE RING SPINNING FRAME : GUIDE FOR 
OVERLOOKERS AND STUDENTS. By N. Booth. 
Crown 8vo. 76 pages. Price 3s. net. (Post free, 3s. 3d. home ; 
3s. 6d. abroad.) 

(Flax, Hemp and Jute Spinning.) 

MODERN FLAX, HEMP AND JUTE SPINNING 
AND TWISTING. A Practical Handbook for the use 
of Flax, Hemp and Jute Spinners, Thread, Twine and Rope 
Makers. By Herbert R. Carter, Mill Manager, Textile Expert 
and Engineer, Examiner in Flax Spinning to the City and Guilds 
of London Institute. Demy 8vo. 1907. With 92 Illustrations. 
200 pp. Price 7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

(Collieries and Mines.) 

RECOVERY WORK AFTER PIT FIRES. By Robert 
Lamprecht, Mining Engineer and Manager. Translated from 
the German. Illustrated by Six large Plates, containing Seventy- 
six Illustrations. 175 pp. Demy 8vo. Price lOs. 6d. net. (Post 
free. 10s. lOd. home; lis. abroad.) 

VENTILATION IN MINES. By Robert Wabner, 
Mining Engineer. Translated from the German. Royal Svo. 
Thirty Plates and Twenty-two Illustrations. 240 pp. Price 
10s. 6d. net. (Post free, lis. home; lis. 3d. abroad.) 

HAULAGE AND WINDING APPLIANCES USED 
IN MINES. By Carl Volk. Translated from the 
German. Royal Svo. With Six Plates and 148 Illustrations. 
150 pp. Price 8s. 6d. net. (Post free, 9s. home ; 9s. 3d. abroad.) 

THE ELECTRICAL EQXHPMENT OF COLLIERIES. 
By W. Galloway Duncan, Electrical and Mechanical Engineer, 
Member of the Institution of Mining Engineers, Head of the 
Government School of Engineering, Dacca, India; and David 
Penman, Certificated Colliery Manager, Lecturer in Mining to 
Fife County Committee. Demy 8vo. 310 pp. 155 Illus. and- Dia- 
grams. Price 10s. 6d. net. (Post free, lis. home ; lis. 3d. abroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY: MANUAL FOR STU- 
DENTS AND DENTISTS. By A. B. Griffiths, 
Ph.D. Demy Svo. Thirty-six Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

(Engineering, Smoke Prevention and 
Metallurgy.) 

THE PREVENTION OF SMOKE. Combined with 
the Economical Combustion of Fuel. By W. C. Popplewell, 
M.Sc, A.M. Inst., C.E., Consulting Engineer. Forty-six Illus- 
trations. 190 pp. Demy Svo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. 3d. abroad.) 
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OAS AND COAL DUST FIRING. A Critical Review 
of the Various Appliances Patented in Germany for this purpose 
since 1885. By Albert PCtsch. 130 pp. Demy 8vo. Trans- 
lated from the German. With 103 Illustrations. Price 5s. net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridolin 
Reiser. Translated from the German of the Third Edition. 
Crown 8vo. 120 pp. Price 5s. net. (Post free, 5s. 3d. home; 
5s. 4d, abroad.) 

SIDEROLOGY: THE SCIENCE OF IRON (The 
Constitution of Iron Alloys and Slags). Translated from 
German of Hanns Freiherr v. JUptner. 350 pp. Demy 8vo. 
Eleven Plates and Ten Illustrations. Price 10s. 6d. net. (Post 
free, Us. home; lis. 6d. abroad.) 

EVAPORATING, CONDENSING AND COOLING 
APPARATUS. Explanations, Formulae and Tables 
for Use in Practice. By E. Hausbrand, Engineer. Translated 
by A. C. Wright, M.A. (Oxon.), B.Sc, (Lond.). With Twenty- 
one Illustrations and Seventy-six Tables. 400 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, lis. home; lis. 6d. abroad.) 



(The ** Broadway'' Series of Engineering 
Handbooks.) 

Uniform in Size : Narrow Crown 8vo. (Poclcet Size.) 

Volume 1.— ELEMENTARY PRINCIPLES OF RE- 
INFORCED CONCRETE CONSTRUCTION. By 

EwART S. Andrews, B.Sc. Eng. (Lond.). 200 pages. With 57 
Illustrations. Numerous Tables and Worked Examples. Price 
38. net. (Post free, 3s. 3d. home ; 3s. 6d. abroad.) 

Volume II.— GAS AND OIL ENGINES. By A. 

KiRSCHKB. Translated and Revised irom the German, and 
adapted to British practice. 160 pages. 55 Illustrations. 
Price 3s. net. (Post free, 3s. 3d. home ; 3s. 6d. abroad.) 

Volume III. — IRON AND STEEL CONSTRUC- 
TIONAL WORK. By K. Schindler. Translated 
and Revised from the German, and adapted to British practice. 
1 40 pages. 115 Illustrations. Price 38. 6d. net. (Post Irec, 
3s. 9d. home ; 4s. abroad.) 

Volume IV.— TOOTHED GEARING. By G. T. White, 
B.Sc. (Lond.). 220 pages. 136 Illustrations. Price 3s. 6d. net. 
(Post free, 3s. 9d. home ; 4s. abroad.) 

Volume V.— STEAM TURBINES : Their Theory and 
Construction. By H. Wilda. Translated from the German ; 
Revised and adapted to British practice. 200 pages. 104 Illus- 
trations. Price 3s. 6d. net. (Post free, 3s. 9d. home ; 4s. abroad.) 
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Volume VI.— CRANES AND HOISTS. Their Con- 
struction and Calculation. By H. Wilda. Translated from the 
German ; revised and adapted to British practice. 168 pages. 
999 Illustrations. Price 3s. 6d. net. (Post free, 38. 9d. home ; 
4s. abroad.) [y«i^ published. 

Volume VII.— FOUNDRY MACHINERY. By E. 
Treiber. Translated from the German ; revised and adapted to 
British practice. 148 pages. 51 Illustrations. Price3s.6d.net. 
(Post free, 3s. 9d. home ; 4s. abroad.) [ytist published. 

Volume Vn I —MOTOR CAR MECHANISM. By 
W. E. DOMMETT, A.M.I.A.E.E. 200 pages. 102 Illustrations. 
Price 3s. 6d. net. (Post free, 3s. 9d. home ; 4s. abroad.) 

lyust published. 

Volume IX.— ELEMENTARY PRINCIPLES OP 
ILLUMINATION AND ARTIFICIAL LIGHTING. 
By A. Blok, B.Sc, A.M.I. E.E. 240 pages. 124 Illustrations and 
Diagrams, and 1 Folding Plate. Price 3s. 6d. net. ^ (Post tree, 
38. 9d. home ; 4s. abroad.) [ynst published, 

[IN PREPARATION.] 

THE CALCULUS FOR ENGINEERS. By E. S. 
Andrews, B.Sc. Eng. (Lond.), and H. Bryon Hbywood, D.Sc. 

HYDRAULICS. By E. H. Sprague, A.M.I.C.E. 

LAND SURVEYING. By M. T. Ormsby, M.I.C.E.I. 

PORTLAND CEMENT. Its Properties and Manu- 
facture. By P. C. H. West, F.C.S. 

DESIGN OF MACHINE TOOLS. By G. W. Burlby. 

LATHES. By G. W. Burley. 

REINFORCED CONCRETE IN PRACTICE. By 
Alban H. Scott, M.S.A., M.C.I. 

BRIDGE FOUNDATIONS. By W. Burnside, M.I.C.E. 

WORKS MANAGEMENT. By J. Batey. 

CALCULATIONS FOR A STEEL FRAME BXnLD- 
ING. By W. C. Cocking, MCI. 

GEAR GUTTING. By G. T. White, B.Sc. (Lond.). 

MODERN GAS WORKS PRACTICE. By Alwynb 
Mrade, A.m. I. E.E. 

STEAM BOILERS AND COMBUSTION. By J. 
Batey. 

MOVING LOADS BY INFLUENCE LINES AND 
OTHER METHODS. By E. H. Sprague, A.M.I.C.E. 

THE STABILITY OF ARCHES. By E. H. Sprague, 
A.M.I.C.E. 

(Sanitary Plumbing, Electric Wiring, 
Metal Work, etc.) 

EXTERNAL PLUMBING WORK. A Treatise on 
Lead Work for Roofs. By John W. Hart, R.P.C. 180 Illustra- 
tions. 272 pp. Demy 8vo. Second Edition Revised. Price 
7s. 6d. net. (Post free, 7s. lOd. home; 8s. abroad.) 

For contents of these books^ see List III. . 
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HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected, By John W. Hart, R.P.C. 184 Illus- 
trations. 313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
Ss. home ; 8s. ^d. abroad.) 

SANITARY PLUMBING AND DRAINAGE. By 
John W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 
1904. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

ELECTRIC WIRING AND PITTING. By Sydney R 

Walker, R.N., M.I.E.E., M.I.Min.E., A.M.Inst.C.E., etc., etc. 

Crown 8vo. 150 pp. With Illustrations and Tables. Price 5s. 

net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 
THE PRINCIPLES AND PRACTICE OF DIPPING, 

BURNISHING, LACQUERING AND BRONZ- 

ING BRASS WARE. By W. Norman Brown. 48 pp. 

Crown 8vo. Price 3s. net. (Post free, 3s. 3d. home and abroad.) 
THE DEVELOPMENT OF THE INCANDESCENT 

ELECTRIC LAMP. By G. Basil Barham, A.M.I.E.E. 

Demy 8vo. 200 pages. 2 Plates, 25 Illustrations and 10 Tables. 

Price 58. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

WIRING CALCULATIONS FOR ELECTRIC 
LIGHT AND POWER INSTALLATIONS. A 

Practical Handbook containing Wiring Tables, Rules, and 
Formulae for the Use of Architects, Engineers, Mining Engineers, 
and Electricians, Wiring Contractors and Wiremen, etc. By G. 
W. LUMMis Paterson. Crown 8vo. 96 pages. 35 Tables. 
Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 

A HANDBOOK ON JAPANNING. For Ironware, 
Tinware, and Wood, etc. Bv William Norman Brown* 
Second Edition. 70 pages. 13 Illustrations. Crown 8vo. Price 
38. 6d. net. (Post free, 3s. 9d. home : 4s. abroad.) 

THE PRINCIPLES OP HOT WATER SUPPLY. By 
John W. Hart, R.P.C. With 129 Illustrations. 177 pp. Demy 
8vo. Price 7«. 6d net. ' (Post free, 7s. lOd. home ; 8s. abroad.) 

(Brewing and Botanical.) 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN 
ARTICLE OF COMMERCE. By Emmanuel Gross, 
Professor at the Higher Agricultural College, Tetschen-Liebwerd. 
Translated from the German. 78 lUus. d40pp. Demy 8vo. Price 
10s. 6d. net. (Post free, lis. home; lis. 6d. abroad.) 

INSECTICIDES, FUNGICIDES AND WEED- 
KILLERS. By E. BouRCART, D.Sc. Translated from 
the French. Revised and Adapted to British Standards and 
Practice. Demy 8vo. 450 pages, 83 Tables, and 12 Illustrations. 
Price 128. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

{For Agricultural Chemistry, see p. g.) 

Digitized by VjOOQIC 



22 

fWood Products, Timber and Wood 
Waste.) 

WOOD PRODUCTS: DISTILLATES AND EX- 
TRACTS. By P. DuMESNY, Chemical Engineer, 
Expert before the Lyons Commercial Tribunal, Member of the 
International Association of Leather Chemists; and J. Noyer. 
Translated from the French by Donald Grant. Royal 8vo. 
320 pp. 103 Illustrations and Numerous Tables. Price 10s. 6d. 
net. (Post free, lis. home ; lis. 6d. abroad.) 

TIMBER : A Comprehensive Study of Wood in all its 
Aspects (Commercial and Botanical), showing the different 
Applications and Uses of Timber in Various Trades, etc. Trans- 
lated from the French of Paul Charpentier. Royal 8vo. 437 
pp. 178 Illustrations. Price 12s. 6d. net. (Post free, 13s. 
home ; 14s. abroad.) 

THE UTILISATION OF WOOD WAST^. Trans- 
lated from the German of Ernst Hubbard. Crowil 8vo. 192 pp. 
50 Illus. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
(See also Utilisation of Waste Products^ p, 9.) 

(Building and Architecture.) 

ORNAMENTAL CEMENT WORK. By Oliver 
Wheatley. Demy 8vo. 83 Illustrations. 128 pp. Price Ss. 
net. (Post free, 5s. 4d. home ; 58. 6d. abroad.) 

THE PREVENTION OF DAMPNESS IN BUILD- 
IN68; with Remarks on the Causes, Nature and 
Effects of Saline, Efflorescences and Dry-rot, for Architects, 
Builders, Overseers, Plasterers, Painters and House Owners. 
By Adolf Wilhelm Kbim. Translated from the German of the 
second revised Edition by M. J. Salter, F.I.C, F.C.S. Eight 
Coloured Plates and Thirteen Illustrations. Crown 8vo. 115 
pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN 
ARCHITECTURE AND BUILDING, AND THEIR 
ALLIED TRADES AND SUBJECTS. By Augus- 
tine C. Passmore. Demy 8vo. 380 pp. Price 7s. 6d. net. 
(Post free, 8s. home ; 8s. 6d. abroad.) 

(Foods, Drugs and Sweetmeats.) 

FOOD AND DRUGS. By E. J. Parry, B.Sc, F.I.C, F.C.S. 
Volume I. The Analysis of Food and Drugs (Chemical and 

Microscopical). Royal 8vo. 724 pp. Price 21s. net. (Post 

free, 21s. 6d. home; 22s. 6d. British Colonies; 23s. 3d. other 

Foreign Countries.) 
Volume II. The Sale of Food and Drugs Acts, 1875-1907. 

Royal 8vo. 184 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 

home; Ss. abroad.). 

For contents of these books, see List III. 
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THE. MANUFACTURE OF PRESERVED FOODS 
AND SWEETMEATS. By A. Hausner. With 
Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Second English Edition. Crown 8vo. 225 
pp. Price 7s. 6d. net. (Post free, 7s. 9d. home ; 7s. lOd. abroad.) 

RECIPES FOR THE PRESERVING OF FRUIT, 
VEGETABLES AND MEAT. By E. Wagner. 
Translated from the German. Crown 8vo. 125 pp. With 14 
Illustrations. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. 
abroad.) 

(Dyeing Fancy Goods.) 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY 
AND WOOD, AND OF IMITATING ALL SORTS 
OF WOOD. A Practical Handbook for the Use of 
Joiners/ Turners, Manufacturers of Fancy Goods, Stick and 
Umbrella Makers, Comb Makers, etc. Translated from the 
German of D. H. Soxhlet, Technical Chemist. Crown 8vo. 
168 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

(Celluloid.) 

CELLULOID : Its Raw Material, Manufacture, Properties 
and Uses. A Handbook for Manufacturers of Celluloid and 
Celluloid Articles, and all Industries using Celluloid ; also for 
Dentists and Teeth Specialists. By Dr. Fr. B5ckmann, Tech- 
nical Chemist. Translated from the Third Revised German 
Edition. Crown Svo. 120 pp. With 49 Illustrations. Price 5s. 
net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

(Lithography, Printing and 
Engraving.) 

ART OF LITHOGRAPHY. By G. T. Rhodes. 

- »' [In the press, 

PRINTERS' AND STATIONERS' READY 
RECKONER AND COMPENDIUM. Compiled by 
Victor Graham. Crown Svo. 112 pp. 1904. Price3s.6d.net, 
(Post free, 3s. 9d. home ; 3s. lOd. abroad.) 

ENGRAVING FOR ILLUSTRATION. HISTORI- 
CAL AND PRACTICAL NOTES. By J. Kirkbride. 
72 pp. Two Plates and 6 Illustrations. Crown Svo. Price 
28. 6d. net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.) 
{For Printing Inks, see /. 4.) 

(Bookbinding.) 

PRACTICAL BOOKBINDING. By Paul Adam. 
Trsmslated from the German. Crown Svo. ISO pp. 127 Illus- 
trations. Price 5s. net. (Post free, Ss. 4d. home ; 5s. 6d. abroad. 
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(Sugar Refining.) 

THE TECHNOLOGY OP SUGAR: Practical Treatise 
on the Modern Methods of Manufacture of Sugar from the Sugar 
Cane and Sugar Beet. By John Gbddes McIntosh. Second 
Revised and Enlarged Edition. Demy 8vo. Fully Illustrated. 
436 pp. Seventy-six Tables. 1906. Price 10s. 6d. net. (Post 
free, lis. home; lis. 6d. abroad.) 

{Si€ " Evaporating, Condensing, etc., Apparatus" p. ig.) 

(Emery.) 

EMERY AND THE EMERY INDUSTRY. Trans- 
lated from the German of A. Haenig. Crown 8vo. 45 IIIus. 
104 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 

(Libraries and Bibliography.) 

CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MERCIAL BOOKS. Compiled by Edgar Green- 
WOOD. Demy 8vo. 224 pp. 1904. Being a Subject-list of the 
Principal British and American Books in Print; giving Title, 
Author, Size, Date, Publisher and Price. Price 5s. net. (Post 
free, 5s. 4d. home ; 5s. 6d. abroad.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000 
Technical, Commercial and Art Schools throughout the United 
Kingdom. With full particulars of the courses of instruction, 
names of principals, secretaries, etc. DemySvo. 150 pp. Price 
3s. 6d. net. (Post free, 3s. lOd. home ; 4s. abroad.) 

THE LIBRARIES, MUSEUMS AND ART GAL- 
LERIES YEAR BOOK, 1910-11. Being the Third 
Edition of Greenwood's '• British Library Year Book ". Edited 
by Alex. J. Philip. Demy 8vo. 286 pp. Price 5s. net. (Post 
free, 5s. 4d. home ; 5s. 6d. abroad.) 

THE PLUMBING, HEATING AND LIGHTING 
ANNUAL FOR 1911. The Trade Reference Book 
for Plumbers, Sanitary, Heating and Lighting Engineers, 
Builders' Merchants, Contractors and Architects. Including 
the translation of Hermann Recknagel's *' Kalender fiir Gesund- 
heits - Techniker,*' Handbook for Heating, Ventilating, and 
Domestic Engineers, of which Scott, Greenwood & Son have 
purchased the sole right for the English Language. Quarto. 
Bound in cloth and gilt lettered. Price 3s. net. (Post free, 
3s. 4d. home ; 3s. 8d. abroad.) 

Scott, (Breenwoob Si Son, 

Technical Book and Trade Journal Publishers, 

8 Broadway, Ludgate, London, E.G. 

Telegraphic Address, "Printeries, Cent. -London'*. &vy&^\^^^^' 
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